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THE RESINS AND THEIR CHEMICAL 
RELATIONS TO THE TERPENES?* 

THE closing years of the eighteenth and 
the beginning of the nineteenth centuries 
found chemists engaged in the study of 
chemical problems related to both plant 
and animal life. Organic chemistry during 
this early chemical epoch was exactly what 
its name implied, a study of those sub- 
stances which are produced through life 
processes, either plant or animal. During 
this early epoch, the problems in plant 
chemistry were more inviting to the chem- 
ist than those in animal life, first, because 
the compounds appeared to be simpler sub- | 
stances and, second, because they crystal- 
lized more readily and were therefore more 
readily obtained in pure form. As a result 
of these characteristics, early organic chem- 
istry was largely confined to plant life, 
consisting, however, of little more than the 
simple preparation of the substances them- 
selves. 

Scheele was the first to point out that the 
plant and animal world is made up of defi- 
nite compounds, just as is the inorganic 
world. He proved the assertion by iso- 
lating a number of organic substances, 
among them tartaric, citric, malic and uric 
acids. He even went so far in his study of 
the organic compounds as to suggest what 
the modern physiological chemist calls 
metabolism, as a means of explaining cer- 
tain physiological processes. Owing, how- 
ever, to the extreme difficulty in obtaining 
physiological compounds in _ crystalline 


1A part of the address of the vice-president and 
chairman of Section C, American Association for 
the Advancement of Science, Washington, Decem- 
ber, 1912. 
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form, Scheele devoted much time to phyto- 
chemistry, discovering more than a score 
of important plant compounds besides 
those mentioned above. Other men fol- 
lowed in his footsteps and by the beginning 
of the last century many of the important 
plant compounds had been isolated. 

At the very beginning of what may be 
justly called the renaissance in organic 
chemistry, Marggraf (1745-79) completed 
his historical work on the common beet- 
root. With his discovery and preparation 
of sucrose from the sugar-beet began the 
first and perhaps the greatest and most 
highly technical industry of modern times. 
It was likewise during the close of this first 
epoch that Pelletier began his classical 
work on the alkaloids, resulting in the dis- 
covery of no less than twelve of the im- 
portant ones, including quinine, strychnine 
and brucine. In fact, it was during this 
same epoch that nearly all of the great 
families of plants were studied from the 
chemical point of view, resulting, in almost 
every case, in important discoveries. Even 
the resins, which chemists have until re- 
cently regarded as too complex to deserve 
serious attention, were studied in an indus- 
trial way and more than thirty different 
varieties prepared and used in the arts. 
But the resins were only one of the many 
groups of organic compounds regarded as 
too complex to admit of other than a study 
in the most general way, for organic chem- 
istry had not advanced far enough to 
permit of a thorough chemical study of 
even the simplest of the organic substances. 
The adoption of the radical and the ring 
theories about the middle of the last cen- 
tury, however, completely changed the 
sphere of organic chemistry and synthetic 
methods and the chemical constitution of 
organic compounds became the goal toward 
which a large majority of chemists worked. 

The adoption of the benzene ring theory, 
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together with the working out of the chem- 
ical constitution of naphthalene, pyridine, 
quinoline and the terpenes, opened new 
fields in phytochemistry, and the first ten 
years of labor after the adoption of these 
new theories showed amazing results. 

Structural and synthetic work in plant 
chemistry really began in the sixties. In 
1869, Lieberman startled the whole chem- 
ical world by synthesizing alizarine, an 
important vegetable dye-stuff, and shortly 
after the alizarine synthesis, Baeyer suc- 
ceeded in building up the indigo molecule. 

Following these historical discoveries 
came numerous phytochemical syntheses, 
one of the most important being the arti- 
ficial preparation of vanillin. Until Tie- 
mann had shown that vanillin can be made 
cheaper in the laboratory than it can pos- 
sibly be obtained from the vanilla plant, 
chemists, on the whole, were somewhat 
skeptical about the practicability of syn- 
thetic methods and especially as to the pos- 
sibility of these synthetic compounds sup- 
planting those produced by nature. The 
vanillin and the indigo syntheses, however, 
completely changed the whole chemical 
world in this respect. Men began to imi- 
tate nature in the building up of not only 
the vegetable, but also the simple animal 
compounds—a few enthusiasts casting long- 
ing glances at the constitutional formule 
of sugar, starch and cellulose, while the 
ultrachemical investigators dared even to 
speak in undertones of the structure of the 
albumins and the resins. Then came 
Baeyer’s marvelous work on mellitic acid. 
His exhaustive study of this acid, which 
began as early as 1867, was so far reaching 
in its application to the ring compounds 
that it had much to do with final working 
out of the structural constitution of the 
terpene group. 

There is a universal feeling, I think, 
among those who have watched the devel- 
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opment of organic chemistry during the 
last twenty years, and especially along phy- 
tochemical lines, that in the not distant 
future all of the more important plant 
compounds will have been products of the 
laboratory. That there is ground for such 
a statement is borne out by what has al- 
ready been done. The investigations of 
Loew, Butleroff, Kiliani, Emil Fischer and 
Wohl on the carbohydrates are so familiar 
to every one that it is only necessary to 
briefly refer to them at this time. The 
aldehyde condensation reaction by Loew 
and Butleroff, the building up of the sugars 
by Kiliani and the down-building by Wohl 
make the synthesis of the hexoses an estab- 
lished fact and the synthesis of the bioses 
at least a possibility in the near future. 

The briefest phyto-synthetic review 
would be incomplete without referring to 
the most recent work of Emil Fischer and 
his pupils on the so-called polypeptides. 
Here is a group of complex substances be- 
longing to the albumins of both the plant 
and the animal world, a group of com- 
pounds whose synthesis has, until recently, 
been regarded by many as beyond human 
possibility. Nevertheless, Fischer has built 
up the complex polypeptides until the arti- 
ficial molecules are equal in size to the 
albumins themselves, leaving the synthesis 
of these complex chemical substances no 
longer in the list of vain possibilities. 

Of scarcely less importance in the phyto- 
chemical world than the carbohydrates, the 
alkaloids and the albumins, are the resins 
and terpenes. Wallach has presented a 
satisfactory constitutional formula for 
pinene, but the resins are still classed with 
substances of unknown constitution. Not- 
withstanding the fact that less is known 
concerning the chemical nature of the resins 
than perhaps any other group of organic 
compounds, they are doubtless the oldest 
organic compounds known to man. They 
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played an important part in the chemical 
industries in the early history of mankind. 
They were used in almost every phase of 
early human life, as lacs, varnishes, balsams, 
perfumes, pomades and in the art of em- 
balming. They were described by the early 
alchemists as substances insoluble in water, 
generally soluble in alcohol, and for the most 
part non-crystallizable. They are the re- 
sult of secretive plant fluids, exuding from 
plants and hardening in the air. They 
could not be separated into their constitu- 
ents by any means known to the early 
chemists, and were therefore regarded as 
single substances. As a rule, however, they 
are mixtures of two or more complex sub- 
stances, a gum and some volatile oil or 


terpene. They were known as gum resins 


or natural balsams and with the terpenes 
as oleoresins. As a result of their non- 
erystalline nature they were generally ex- 
eluded from the list of substances worthy 
of investigation. 

That there is a close chemical relation- 
ship between the resins and the terpenes, 
there can be no doubt, notwithstanding the 
fact that there is comparatively little ex- 
perimental evidence to prove the assertion. 
One of the reasons usually given for the 
assumption is based on the fact that the 
resins and terpenes generally occur to- 
gether in plants. This is by no means 
important evidence, for it frequently hap- 
pens that entirely different groups of or- 
ganic compounds are intimately associated 
with each other in both plant and animal 
life. 

Notwithstanding the fact that consider- 
able general industrial work has been done 
on the resins, especially those of the pine 
family, yet no one has been able to deter- 
mine with certainty the molecular constitu- 
tion of any of them, not even of abietic 
acid, the most common and the most impor- 
tant of all of the resin acids. Not only are 
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the structural formule unknown, but in 
most cases the empirical formule are still 
in doubt. For instance, the formula for 
abietie acid has been generally accepted as 
C,,H,,0,, but Mach in his dissertation on 
the acid gave to it the formula C,,H.,0,. 
Absolutely nothing is known of its chem- 
ical constitution. 

Various theories have been advanced con- 
cerning the relationship between the resins 
and terpenes. What evidence there is may 
be briefly stated. The fact that the alde- 
hydes in the presence of alkalies change to 
resinous matter was presented by Wiesner 
in what may be called the reduction theory. 
Wiesner? assumed that the resins are 
formed from the carbohydrates, or, speak- 
ing more specifically, from the starches by 
a process of polymerization and reduction. 
It is perfectly evident that Wiesner’s the- 
ory is not applicable in all cases. The pine 
family, for instance, contains a minimum 
amount of starch, yet it is the richest of the 
resinous species. Wiesner was aware of 
this fact and assumed that in the case of 
the pine family the resins were formed 
through the action of gallie and gallo-tan- 
nie acids. 

While the starch theory has certain facts 
in its favor, there are, on the contrary, 
serious objections to it. It would seem not 
only strange, but also diametrically opposed 
to general chemical laws, that plants should 
proceed to build up the complex starch 
molecule and then break it down again into 
the resin and finally into the terpene mole- 
eule. Of course, it must not be forgotten 
that the sugars belong to the aldehydes and 
tend to form resinous substances when 
treated with alkalies. They are, however, 
by no means as readily converted into 
the resins as the simpler aldehydes. One 
would naturally expect that if the resins 
are formed by the aldehyde reaction they 
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would proceed from the simple rather than 
from the complex aldehydes or sugars. 

One of the first comprehensive works on 
the formation of the resins from the alde- 
hydes was presented by Baeyer. He ob- 
tained several synthetic resins by the alde- 
hyde condensation reaction, but an exam- 
ination showed that they were unlike any 
of the resins found in nature. In each 
case the molecule seemed to be extremely 
complex and no attempts were made to 
determine the structure or the size of the 
molecule. Kronstein, following out the 
work which Baeyer had begun, presented 
constitutional formule for these aldehyde 
resins in a very unique but entirely em- 
pirical way. He assumed the resin mole- 
cule to be a complex benzene ring or per- 
haps several superimposed rings joined 
with either hydrocarbon, methoxyl, ethoxy] 
or carboxyl radicles, and gave the graphic 
formule for them. Of course such struc- 
tural formule are interesting, but needless 
to say they are not based on experimental 
data. 

In the starch explanations of the forma- 
tion of the resins in plants, it must be as- 
sumed that the resins are formed by first 
building up the complex starch molecules 
from the simpler aldehydes, and then 
breaking them down again into the resins 
and terpenes. So far as can be ascertained 
there are no experimental data in favor of 
this theory. If, on the contrary, we assume 
that the resins are built up from the simple 
aldehydes, the process is more logical, as it 
only requires two steps, namely, polym- 
erization and reduction, instead of three 
distinct steps as indicated in the following 
simple diagram: 

Starch 


Aldehydes 
(Formaldehyde) 


‘While the above theories have many 
points in their favor, there is another 


Resin————>Terpenes 
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which, while it may have some objections, 
has at the same time decided advantages 
over the starch or reduction theory. 

It is common knowledge that the ter- 
penes, when exposed to air, slowly change 
to complex polymers and resins of un- 
known composition. The principle in- 
volved is doubtless condensation followed 
by oxidation. Wohler was the first to sug- 
gest that the resins may be built from the 
terpenes by the above-mentioned condensa- 
tion and oxidation process. He based his 
assumption on the well-known fact that 
turpentine absorbs oxygen, forming a resin. 
This oxidation process may be represented 
by the following equation: 

2C + 30 = + 

Wohler, unfortunately, presented no ex- 
perimental data. Later, Cailliots obtained 
a resin by the oxidation of turpentine with 
nitric acid. It was not well defined, how- 
ever, and not identical with any of the 
common resins, although it bore some sem- 
blanee of commgn pine resin. 

Barth* obtained, by oxidizing oil of lav- 
ender, a terpene, an amorphous resin which 
he carefully studied and gave the formula 
C,,H,,0,, apparently an oxyabietic acid. 

Heldt,* in an exhaustive study of the 
resins, produced common sylvie acid by 
oxidizing a polymerized form of turpentine 
according to the following equation: 

or CoHy + O,== CoHy0., sylvie acid, 
and 
+ O == Cy H;,0, + H,0, or abietie acid. 


This work has been repeated, but without 
obtaining either sylvie or abietic acids. 
One of the most interesting communica- 
tions along this line was presented by 
Bruylaut. He obtained, by a method not 
given, a polymer of pinene which he repre- 


* Ann., 143-313, 
* Ann., 63-48, 
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sented as a condensation of two molecules 
of pinene or dipinene. By oxidizing this 
substance he obtained an acid which had 
the empirical formula for abietie acid: 


C,H, 


C,H,0, 


No details of the work, however, were 
given. 

Work on the condensation of the ter- 
penes has been in progress at the Univer- 
sity of Minnesota for several years. Before 
describing some of these experiments, how- 
ever, it may be of interest to briefly trace 
the work on the synthesis of the terpenes 
themselves. It was observed early in this 
work that when pinacone is treated with 
bromine, an extremely complex reaction 
takes place and among the products formed 
are isopropyl alcohol and substances be- 
longing to the terpenes. It was found, 


-however, on carefully studying the reac- 


tion, that Baeyer had already observed this 
fact, but had not followed out the reaction, 
doubtless on account of the extreme com- 
plexity of the reaction. If, however, we 
take into consideration these two sub- 
stances, the reaction may be represented as 
follows: 
6C,H,,0, = 2C,H,O + + 10H,0. 


Some time previous to this work, Konda- 
kow® in his work on angelic and tiglie acids 
obtained from them a hydrocarbon which 
proved to be a methyl derivative of cro- 
tonylene. It had the general formula for 
the hemiterpenes. From the description it 
seems quite likely that this hydrocarbon is 
related to the terpenes, for it has the for- 
mula CH,—C(CH,)—CH=CH,, which is 

5 Jour. of the Russ. Phys. Chem, Soc., 1891, L., 
178. 
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identical with the hemiterpene, isoprene.® 
Now, angelic and tiglic acids are compara- 
tively common in the plant world and if, 
as Kondakow states, these hydrocarbons are 
readily obtained from the acids, then it is 
possible that the hemiterpenes are formed 
in this way and by the condensation of two 
molecules of the hemiterpenes, a terpene in 
this particular case, camphene, is formed 
according to the following simple equation: 
= Cy Hie. 

In pursuing the work of the terpene 
polymerization, practically all of the meth- 
ods in the terpene literature were tried. 
All of them, however, were unsatisfactory. 
It was noticed in previous work on the 
chlorhydrochlorides’ of terpenes, that in the 
preparation of the hydrochloride on a large 
scale there was always left a considerable 
portion of material of thick oil consistency 
after the chloride had been removed. 
Examination showed that this oil contained 
a small quantity of resinous matter. After 
unsatisfactory attempts to isolate the resin, 
other agents were tried. Bromine and 
iodine were tried and each was found to 
produce resins more readily than chlorine. 
As iodine gave best results, it was used in 
the experimental work which follows. It 
was found, first of all, that iodides some- 
what similar to the chlorhydrochlorides 
could be formed, especially if the reaction 
took place in sunlight. These iodides were 
first isolated and studied. The diiodide 
proved to be of special interest. When 
pure it is a heavy colorless oil with a slight 
camphoraceous odor. When exposed to 
sunlight it readily decomposes, liberating 
iodine and resins, notwithstanding the fact 
that sunlight seems to play an important 
part in its formation. If exposed to sun- 

*It may be interesting to the reader to note that 
isoprene has very recently been polymerized to 


india rubber. 
* Jour. Am. Chem. Soc., 28, p. 1461. 
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light for some time the iodine is all liber. 
ated and there is left a resinous mass com- 
posed chiefly of two substances. This res- 
inous mass was subjected to distillation in 
vacuo. The distillate obtained was a thick, 
colorless, stable oil. Its molecular weight 
indicated a dipinene. It contained no 
iodine, and from its remarkable stability it 
is probable that the pinene radicles are 
doubly joined to each other. By oxidation 
it forms an acid isomeric with abietic acid. 
The residue left in the flask after the di- 
pinene had been removed was also of un- 
usual interest. It proved to be a solid of a 
light amber color. It had exactly the same 
melting point of ordinary rosin. Most of 
its properties were also identical with those 
of common rosin. It proved to be a tetra 
pinene, and, owing to its close resemblance 
to ordinary colophonium, it has been called 
colophonene. 

These two condensed forms, the di- and the 
tetra-pinene compounds, have been isolated 
and carefully studied. Both are stable, 
but may be oxidized to acids with many of 
the characteristics of the resin acids. A 
comparison of these synthetic compounds 
with the natural resins is both interesting 
and important. Those which have been 
prepared and examined at the present time 
do not agree in every respect with the nat- 
ural resin acids. This fact is not sur- 
prising, however, as any one of the differ- 
ent groups, occurring in the molecule when 
oxidized, would give a different acid. It 
would, therefore, be mere chance if the 
synthetic compounds should be identical 
with the common resin acid. 

In summing up the experimental evi- 
dence in connection with the theories of the 
formation of the resins and terpenes and 
their chemical relationship, the following 
syntheses may, under different conditions, 
represent what takes place in certain phases 
of plant life: 
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1. The formation of the resins from the 
simple aldehydes. 

2. The formation of the resins from the 
complex aldehydes or carbohydrates. 

3. The formation of the resins from the 
terpenes. 

It is not impossible that the resins are 
formed by any one of the above syntheses. 
There are abundant reasons for believing, 
however, that the synthesis of many of the 
resins is intimately related to the terpenes, 
that is, the terpenes may be first formed 
from simple compounds as the hemiter- 
penes, then converted into the resins by 
condensation and oxidation. This reaction 
seems entirely in accord with the chemical 
changes which naturally take place as phy- 
tochemical changes usually proceed from 
the simple to the more complex, as for ex- 
ample, from formaldehyde to the carbo- 
hydrates, but never from the carbohydrates 
to formaldehyde. 

From the study of these terpene deriva- 
tives, it seems more than probable that the 
resins, at least those on the pine family, 
bear the same general relationship to the 
terpenes that naphthalene does to benzene 
and that the terpene molecule, C,,H,,, is 
the common substance from which the res- 
ins are derived. 


G. B. FRANKFORTER 
UNIVERSITY OF MINNESOTA 


THE METAPHOR IN SCIENCE 


THERE are several examples in the history 
of science where an idea at first represented 
by some metaphorical expression became in 
course of time a concrete existence. Most of 
the sciences have instances of it; one meets 
first with a notion, often of the vaguest, a 
principle, a property, a potentiality for some- 
thing or other, and one ends with a substance, 
a species of matter, tangible and ponderable: 
the notion has become incarnated. 

Inorganic chemistry offers us an excellent 
case of this sort of thing. When Lavoisier 
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was working out the character of the sub- 
stance we now know as oxygen, he had not 
isolated oxygen by a stroke of genius and then 
proceeded to study the properties of the new 
chemical product; the history of its discovery 
was far otherwise. Acting on some hints 
given him in October, 1774, by Joseph Priest- 
ley, Lavoisier came upon what he soon named 
as the “ principle of acids” or “ the acidifying 
principle”; his words are (1777): 

I shall therefore designate dephlogisticated air, 
air eminently respirable, when in a state of com- 
bination or fixedness by the name of acidifying 
principle or if one prefers the same meaning in a 
Greek dress by that of oxygine principle. 

Here it is a principle, something which com- 
bines with metals when they are calcined or 
burned in air; it is that something which to 
Lavoisier seemed essential in acids, that which 
produced acidity, the oxygine principle. In 
its later and more familiar form of oxygen, 
it is better etymologically. That which was 
a principle in 1777 was about 120 years after- 
wards a visible, tangible entity—the liquefied, 
steel-blue oxygen gas. The principle of 1777 
by 1897 had become a substance; the meta- 
phor had become an actuality. 

Not all chemical concepts have been equally 
fortunate in leading to true and individual 
chemical substances: phlogiston, for instance, 
denoting, as it did, no reality, is the concep- 
tion phlogiston still. The principle of heat, 
phlogiston, was supposed to leave a body when 
it was burned: the theory of Stahl asserted 
that heat was a thing, a thing which could 


depart from a body and leave it lighter than 


before when it was cold. Now this, as a con- 
ception, is sufficiently definite, but as it is not 
true in fact, phlogiston never materialized; it 
was never isolated from matter because it 
never existed in matter. Phlogiston was as 
barren a conception as “ oxygine” was preg- 
nant. To-day Priestley and Lavoisier could 
be presented with an ounce or so of the 
“ oxygine” principle, but not a milligram of 
phlogiston could be extracted for Stahl, for 
oxygen is a substance, but heat is a mode of 
motion. Probably the most pregnant meta- 
phor ever used in science was Harvey’s as 
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regards the movement of the blood—“ motion 
as it were in a circle.” This phrase was of 
course written in Latin as “an motionem 
quandam quasi in cireulo haberet ”: it forms 
part of the sentence thus translated: 

I began to think whether there might not be 
motion (or a movement), as it were, in a circle. 
Now this I afterwards found to be true. 

Later in the same chapter (VIII. of the 
“De Motu”) he writes: 

This motion we may be allowed to call circular 
(Quem motum cireularem eo pacto nominare licet.) 


The establishing of the fact of the circula- 
tion of the blood was absolutely essential to 
the creation of physiology; modern physiology 
has, indeed, arisen from this one fact, and the 
fact received its name—circulation—from the 
well-chosen phrase “circular motion.” The 
phrases “circle” and “circular” of 1628 be- 
came in due time part of the language of 
physiology; and the circulation of the blood 
which was a phrase and an inference in 1628 
became a visible demonstration in 1660. For 
it is a fact, one of the most pathetic facts in 
the history of biology, that Harvey died with- 
out ever having seen the blood moving as he 
knew so well it did, for he died in 1657, three 
years before Marcellus Malpighius—the man 
born in the year the “ De Motu” was, 1628— 
saw the blood of the living capillaries of the 
transparent lung of the frog. Thirty-two years 
separated the metaphor from the demonstra- 
tion, the prophecy from the fulfilment. Had 
Harvey lived three years longer, he could have 


seen with his own eyes that what he had 


prophesied was correct, he could have been 
shown as an actuality what his reason had 
discovered as a magnificent inference, the 
most magnificent inference ever made in the 
realm of the living. 

The next example we may take from physi- 
ological chemistry and from that new depart- 
ment of it called “internal secretion.” Until 
comparatively recently, the function of the 
two small yellow bodies situated near or on 
the kidneys—adrenals or suprarenals—was 
entirely unknown and barely even speculated 
upon. In 1855 Dr. Addison, of Guy’s Hos- 
pital, London, described a disease, since named 
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after him, in which the patient suffered from 
extreme weakness both of muscles and of 
heart, and after death was found to have had 
his suprarenal bodies degenerated usually 
through a tubercular lesion. Physiologists 
very properly assumed that the explanation of 
this was that in health the suprarenal bodies 
produced something which, gaining access to 
the blood, was carried to all parts of the body 
and maintained the efficiency or tone of the 
body-muscles and those of the heart and blood- 
vessels as well. This something was appar- 
ently absent from the blood in Addison’s dis- 
ease. This something remained undiscovered 
until 1895, when watery extracts of the supra- 
renals were made and injected into the veins 
of a living animal. The result of this was a 
surprising increase in the tone of the animal’s 
heart and small arteries so that its blood-pres- 
sure rose greatly. Something was clearly con- 
tained in the suprarenal extract which had 
powerful physiological effects: let it be called 
“adrenalin.” But it is one thing to name a 
hypothetical substance and another thing to 
isolate a real one. In this case, however, the 
hypothetical substance was a real one, so that 
after some years of work between 1897 and 
1904, the physiological chemists succeeded in 
separating from the glands a substance in a 
state of purity which had all the properties 
possessed by an extract of the suprarenals. 
Adrenalin was for the first time isolated about 
forty-five years after its existence had been 
surmised. So perfectly had the chemical some- 
thing that maintains the tone of heart and 
blood-vessels been isolated, that its constitu- 
tion became so well known that the final tri- 
umph of making adrenalin synthetically was 
net long delayed. In 1904 it was made syn- 
thetically in Germany, and in the following 
year in England, so that within fifty years of 
its suspected existence, adrenalin, with all the 
properties of the natural material, was seen 
and handled as a pure, crystalline chemical 
substance of composition so well known that 
its structural formula could be written and a 
name denoting it laid before those capable of 
understanding it (di-oxyphenol-methyl-amino- 
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ethanol). Here we have literally the material- 
ization of a chemical idea, the crystallization 
of a notion; the thing of the mind has become 
a thing of the laboratory, the thought has been 
captured and bottled. 

The next “as it were” we shall take from 
the history of the physiology of the central 
nervous system in the writings of a pupil of 
Harvey, Dr. Thomas Willis. At the present 
day the name and the process “ reflex action ” 
is as well established as is anything in animal 
behavior. One of the most certain things in 
the physiology of the nervous system is that if 
we stimulate a nerve going into it, we shall 
produce outgoing effects, muscular contrac- 
tions, vascular or glandular changes. If we 
decapitate a frog and hang up the body and 
apply a piece of acid paper to one flank, the 
leg of that side will be brought up to flick it 
off, and if the acid be very strong the whole 
frog will be thrown into convulsions—these 
movements are reflex actions. Now this very 
definite physiological conception of a reflex 
neural action arose in a metaphor, in an “ as 
it were” of Willis penned about 1650. He 
said: 

We may admit that the impression of an object 
driving the animal spirits inwards and modifying 
them in a certain peculiar manner, gives rise to 
sensation and that the same animal spirits, in that 
they rebound from within outwards in a reflected 
wave as it were, call forth local movements. 


Willis’s notion was that of a wave reflected 
back towards its source, but the metaphor 
about nerve impulses being reflected evidently 
represented the truth, for it has lived on and 
become an integral part of the terminology of 
neural activity. If there had been no germ of 
accurate description in it, the idea contained 
in the metaphorical phrase “as it were re- 
flected,” would not have survived to our own 
day; but it has lived to become the definite 
description of a fundamental neural truth. 

Dr. Marshall Hall, who did so much for the 
physiology of this sort of action, adopted the 
phrase and incorporated it in one of his own— 
the “reflex nerve-are” which denotes the 
anatomical path over which reflected nerve- 
impulses travel. If Willis could visit our 
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laboratories to-day, we could show him reflex 
actions performed with automatic precision, 
and below the microscope we could let him see 
the various links in a reflex nerve-are. He 
would find his “ as it were reflected ” no longer 
taken in a metaphorical sense, but used as the 
most appropriate mode of denoting one of the 
commonest and most important of neural 
activities. 

The study of nerve-impulses gives us an- 
other example of the inevitable tendency to- 
wards concreteness and definiteness in notions 
regarding the behavior of the central nervous 
system. If we go sufficiently far back, we find 
the Greeks, for instance, imagining that the 
nerve fibers conveyed spirits through their 
pores (poroi). No doubt these spirits of 
antiquity are the synonym of our “ nerve- 
impulses,” something propagated with con- 
siderable rapidity from one end of a nerve to 
the other. Still for ages that something was 
quite unapproachable on the part of the senses. 
Some physiologists imagined that the muscles 
became active because the spirits of the nerves 
rushed into them, but Borelli (1670) on cut- 
ting open living muscles under water could see 
no bubbling of gas or anything else suggesting 
them to be inflated with any kind of substance 
—-spirit, flatus, succus nerveus or gas. But it 
is to his credit that Borelli looked for some- 
thing of the kind; he desired to render the 
succus nerveus concrete, to see the action of 
the spirits in the nerves, if possible. It was 
not to be; for nerve-impulses are a mode of 
motion and only to be discovered through their 
effects. In our own day, one evidence of their 
passage along nerves, namely, the electrical, 
has been made sufficiently obvious by that 
exquisite instrument the galvanometer. By 
the aid of this very delicate apparatus, the 
electric currents produced by the nerve im- 
pulses can be made to swing a mirror reflect- 
ing a beam of light on to a screen, it may be, 
several feet away. Although nerve-impulses 
are no more visible to-day than were the nerve 
spirits of the Greeks or was the succus nerveus 
of Borelli, we are in a position to show these 
thinkers of the past a spot of light jerked two 
or three feet to the right or left of its resting 
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position through the instrumentality of an 
electric current generated by a single nerve- 
impulse whose electromotive force is not 
greater than 0.015 of a volt. We have not 
rendered nerve impulses evident to sight, but 
we have measured the electromotive force of 
their electrical manifestations as accurately as 
we measure the rise of temperature caused by 
minute quantities of heat. 

We need not be surprised to be told that it 
was universally believed that nerve-impulses 
traveled with incalculable speed, that a flash 
of thought and a flash of lightning were both 
prodigiously rapid. In 1850 Professor Helm- 
holtz measured the velocity of the nerve-im- 
pulse, and ascertained it to be about 40 meters 
a second in the nerves of man. Thus the 
movements of the spirits, once thought so 
erratic, have been measured; the intangible is 
still intangible, but the immaterial has been 
found to be in material and as such to be as 
real as the material, neither more nor less so. 

Of late years there has been a very distinct 
tendency towards concreteness in regard to 
ideas of nerve-force and its diminution in 
fatigue and in disease. At one time nerve- 
force seemed to be the special property of the 
quack and the charlatan, but the microscope 
which has solved so many problems for us has 
shed its light also on this most elusive subject. 
A substance has been discovered in the interior 
of nerve-cells which is found to accumulate as 
the cell rests and to be worn away the longer 
the cell has been active. The substance takes 
the form of minute granules or prisms called 
after their German discoverer the granules of 
Nissl. The nerve-cells innervating the wing 
muscles of a sparrow have been examined in 
the early morning before the bird has begun 
to fly about, and similar cells have been scru- 
tinized in a wholly similar bird after a long 
day of activity; on comparing these two sets 
of cells under the microscope, the thing 
wherein they were found to differ was the 
quantity and appearance of the granules of 
Nissl. Since these granules tend to disappear 
when nerve cells are active, and to reconstitute 
themselves when nerve cells rest, they are 
evidently to be regarded as the physical basis 
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of nerve energy, the local seat of the processes 
concerned in the output and in the restoration 
of nerve energy. 

It is clear, then, that the granules of Niss] 
with the evolution of nerve energy and may be 
called the dynamogenic material which is 
widely distributed throughout the nervous sys- 
tem. But it follows from this that fatigue, in 
so far as it has a microscopical basis, will be 
denoted by the more or less complete disin- 
tegration of the granules. Fatigue, which as 
understood by most people is merely a par- 
ticular kind of feeling or sensation, has been 
shown to produce a cognizable change in some 
physical structure; in other words, it has been 
made concrete. General fatigue on its ob- 
jective side has now been proved to be a con- 
dition of bodily poisoning. The prolonged 
activity of muscles and other tissues results in 
the output of certain chemical materials 
(fatigue-toxins) which, circulating in the 
blood, produce a mild poisoning, one of the 
effects of which is to depress the activity of 
the cells of the central nervous system, the 
objective sign of which is well known to be 
the partial solution of the granules of Nissl. 
Thus such comparatively indefinite and illu- 
sive things as nerve force and fatigue have by 
the microscopists and chemists of our time 
been identified and shown to have a local 
habitation and a general distribution respect- 
ively in the minute recesses of the living ma- 
terial of the body. The whole tendency here 
has been towards the objectifying of the sub- 
jective and the visibility of the unseen. 

But of course it is very largely in the sphere 
of the healing art that this modern tendency 
towards concreteness is to be seen in its high- 
est perfection. Let us take the case of ma- 
laria or ague, a disease the cause of which not 
so very long ago was absolutely unknown. 
Not that it was not attributed to causes 
such as “ paludism,” “ telluric influences,” ex- 
halations, vapors, and so on, but these did not 
explain anything. The word malaria is of 
course derived from two Italian words mean- 
ing “bad air” clearly showing that the at- 
mosphere was held to be responsible for some 
peculiar kind of corruption or infection as we 
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should now call it. Paludism, the influence of 
marshes, could not be seen; what could be 
seen were fogs or vapors rising from the 
marshy ground and these were blamed for 
spreading malaria, and people were told to be- 
ware of the damp and of night air. But why 
vapor, whether in the daytime or at night, 
should breed any kind of disease, most of all 
so definite a disease as ague, was not at all 
obvious. At last all these vaguenesses were 
dispelled, and malaria was discovered (1880) 
to belong to that already large group of dis- 
eases known as parasitic, only the parasite in 
this case was an animal and not a vegetable. 
Ague was found to be due to the destruction 
of the red blood-corpuscles by their having 
been made the residence of a minute animal 
parasite, the Plasmodium malarie, which had 
been inoculated into the patient through his 
having been bitten by a particular kind of 
gnat or mosquito (Anopheles) which had 
sucked blood from some one suffering from 
malaria. It was not contagion, nor ordinary 
infection, far less bad air or vapors or exhala- 
tions, it was natural, accidental inoculation 
with foreign blood containing excessively mi- 
nute living creatures classed by zoologists as 
a species of Protozoa. 

Thus the connection of malaria with 
marshes and vapors and night-time was at 
once explained by the facts that the mos- 
quito lays its eggs in damp places and fre- 
quents damp places towards evening and 
after dark. The meaning of the usefulness of 
quinine is explained by its being able to kill 
the parasite in the blood; it is only a local, 
circulating germicide. Thus the microscopist 
has tracked down one of mankind’s subtlest 
foes, found it neither mist nor marsh, vapor 
nor corruption, but a moving, living creature, 
a member of the lowest group of such known. 
The vagueness has gone; the cause of ma- 
laria can be viewed sealed up in Canada bal- 
sam under a cover-glass. 

Another excellent example of the rendering 
definite what was before of the vaguest is the 
recent discovery of the cause of plague, the 
pestilence, or Black Death. In the fourteenth 
century the great surgeon of Avignon, Guy de 
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Chauliac, attributed the plague to a conjunc- 
tion of the planets Saturn, Jupiter and Mars 
in the sign of Aquarius on the twenty-fourth 
of March, 1845. About the same time the 
Jews in Germany and Switzerland were sus- 
pected of poisoning the wells, and were in 
consequence persecuted and massacred. In 
the fourteenth century the medical faculty of 
the University of Paris was asked to deliver 
an opinion on the nature and origin of plague, 
but a very great deal that it promulgated was 
absolutely fatuous as regards protection or 
eure. One thing only was recommended that 
is interesting in the light of to-day, namely, 
the fumigation of houses by the burning of 
aromatic herbs and woods. Only as recently 
as 1894 was the vera causa of the Black Death, 
one of mankind’s most terrible traditions, dis- 
covered by two Japanese doctors, Yersin and 
Kitasato, and named the Bacillus pestis. It 
was soon isolated in pure cultures and grown 
in artificial media, and its toxins and anti- 
toxins became chemical entities. 

The history of the discovery of what plague 
is really due to is a strange, eventful history. 
The Black Death, that most dreadful scourge 
of mysterious origin, was for centuries at- 
tributed to such sources as the conjunction of 
planets, the iniquities of the Jews or to some 
special outpouring of divine wrath on account 
of human sin. Mankind, utterly at a loss to 
discover its true relationships, had for mil- 
lennia imagined vain things, and essayed the 
most grotesque methods of averting it. But in 
the fullness of time the microscope was de- 
vised and with it the dawn of the day of exact 
knowledge had arrived. 

The source of plague was shown to be a ba- 
cillus, amost minute, vegetable parasite which, 
growing in bodies of certain animals, rats and 
other rodents, could give rise to a most viru- 
lent poison (pestiferin) which was carried to 
all parts by the circulating blood. It was 
further shown that man became inoculated 
by fleas which had been feeding on the ba- 
cilli-containing blood of rats; and thus were 
revealed the several links in that long chain 
which had the Bacillus pestis at one end and 
man at the other. It took mankind 3,000 
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years to come to a knowledge of the truth re- 
garding the cause and manner of spreading 
of plague, to a knowledge of that chain of 
cause and effect which connects microbe and 
man in the dire relationship of the plague- 
stricken. 

Science, then, has come face to face with 
the specter of the Black Death and recognized 
its features. She has laid hold of “ the pesti- 
lence that walketh in darkness” and made it 
reveal its horrid origin. 

Similarly for influenza, a disease in its epi- 
demic form, if not quite so deadly as plague, 
then quite as mysterious; in some forms quite 
as deadly. Very probably some of the great 
epidemics of the middle ages were in reality 
what we now call influenza, its very name 
being only the Italian for influence—a some- 
thing inscrutable but omnipresent, mysterious 
in the last degree. The usual expressions 
were in vogue, it was a corruption in the air, 
a miasm, an exhalation and so on; until in 
1892 the bacteriologist Pfeiffer isolated the 
organism of influenza and named it the Ba- 
cillus Influenze. Not the air, then, but the 
microscopic fungi it may hold for evil influ- 
ence, is the true cause of influenza. The in- 
fluence is now materialized, nay indeed is iso- 
lated and sealed down under glass for the in- 
spection of trained eyes. Thus by the micro- 
scope are these deadly powers of the air one 
by one distinguished from each other and 
identified each in its particular malignancy. 

No better example than that of the ferments 
could be given of a notion becoming in course 
of time a substance isolated and tangible. 
Fermentation, the totality of changes pro- 
duced in digestible, coagulable or putrescible 
material, was for ages believed to be inscrut- 
ably mysterious. It was made the subject of 
debate between the iatro-mathematicians and 
the iatro-chemists of the seventeenth century, 
but neither school really understood it. 

Digestion, the great fermentative process in 
animals, was confused not only with putre- 
faction, but with boiling and with the effer- 
vesen¢e of gas in chemical operations. 
Stahl saw in digestion the direct activity of 
the soul or anima which, he held, permeated 
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every tissue and endowed it with its special 
powers. The chemistry of it all, however, was 
unknown: the very conception of a ferment— 
a substance produced by living matter but not 
itself living—had not as yet emerged from the 
mental confusion. 

Van Helmont (1577-1644), Sylvius (1614- 
1672), De Graaf (1641-1672), Haller (1708- 
1777), all groped for it, but it was not until 
through the work of Réne Antoine Ferchault 
de Réamur (1750) that any true idea was held 
as to the nature of fermentation in digestion. 
Réamur was the first to obtain gastric juice 
in an approximately pure state and to attempt 
digestion with it outside the body. Spallan- 
zani, the distinguished Italian naturalist at 
Pavia, began where Réamur left off, and soon 
discovered that digestion was by no means 
putrefactive but was apparently due to some 
“solvent power” or “ active principle of solu- 
tion” in the gastrie juice (1777). Then by 
degrees as physiological chemistry improved 
its methods, it got finer results, and at last 
“the solvent power” or “principle of solu- 
tion ” in the gastric juice was isolated in 1862 
as the white powder, pepsin, a name which had 
been given to the active principle by Schwann 
as far back as 1836. Soon other ferments 
were either isolated or obtained in solution, 
and to-day in our laboratories we store in 
glass bottles half a dozen or more of the ac- 
tual substances which are the modern repre- 
sentatives of the “principles of solution” of 
the early researchers. The vague has become 
definite, the conceptual power or property has 
become the material substance or entity. 

The story of the discovery of the telescope, 
how it was bound up with that wonderful 
emancipation of the human spirit from the 
thraldom of medieval ignorance and the hatred 
of scientific light, has been told us by many 
learned men; but I venture to think that the 
discovery of the microscope, which has never 
yet had its historian or poet, was one fraught 
with many more beneficent results for human- 
ity. By its scrutiny the invisible but actual 
sources of most of the scourges of mankind 
have been discovered; and it would seem that 
it is in its power and not in that of fleets or 
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armies that we must look for the physical sal- 
vation of the sons of men. Man may redeem 
himself from death, not by sweeping the heav- 
ens with the space-annihilating telescope, but 
by peering into the dust of the earth with the 
space-creating microscope. 

We see then that the principle of the incar- 
nation of ideas, of the realization in the world 
of substance of what had been vaguely fore- 
shadowed in the world of mind, is a process 
which has gone on in science as surely but per- 
haps not so conspicuously as it has in. art. 
The artist succeeds more or less perfectly to 
incarnate his ideas of beauty in stone, in 
wood, in metal or in pigment, but no painter 
ever yet expressed all the loveliness in his 
mind, pellucid though his pigments were; the 
poet strives to give utterance to the majesty of 
his imagination, but no poet was ever yet satis- 
fied that his words, choice though they were, 
portrayed all the delicacy of his fancy or the 
glory of his dreams. The musician is con- 
scious that after he has swept the lyre with 
melodies of transcendent sweetness, there are 
unheard melodies that are sweeter still; the 
preacher whose eloquence stirs the vast cathe- 
dral returns home depressed in that his burn- 
ing words did not rise to the fever-height of 
his fervor. The saint, aiming at the highest 
ideals of holiness, has still to confess failure 
whether as anchorite, prophet, missioner or 
philanthropist. 

But it is sometimes given to the man of 
science to touch, to taste, to handle what was 
once only a notion, a suggestion, a forecast 
either in his own day or in that of a less for- 
tunate predecessor in the earlier times of the 
history of a thought. 

D. Fraser Harris 

DALHOUSIE UNIVERSITY 


4A NEW FRENCH CAVERN WITH PALEO- 
LITHIC MURAL ENGRAVINGS 

To Count Begouen, of Toulouse, and his 
two sons, belongs the credit for the discovery 
of a new cavern with paleolithic mural en- 
gravings. The eldest son, Max, is at present 
a pupil of Professor Emile Cartailhac, as was 
his father before him. Count Begonen, with 
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his family, is spending the summer at his 
country place, “Les Espas,” at Montesquieu- 
Avantés, near St. Girons (Ariége). On prop- 
erty adjoining his is the cavern of .Enlane 
known for many years and where the count 
himself recently discovered a finely earved 
spear-thrower of reindeer horn. Near Enléne 
the Volp, a small stream, disappears under a 
ridge of limestone and reappears about one 
kilometer farther down. The escarpment 
where the Volp reappears has long been 
known as the Tuc d’Audoubert. After im- 
provising a small cance made of a box and 


given stability by a float on either side—a keg. 


and an oil can, on Saturday, July 20, Count 
Begouen and his sons ascended the channel 
for about 50 meters, as far as the present level 
of the water would permit of rowing. By 
bridging with ladders at intervals they as- 
cended on foot much farther and then climbed 
to the entrance to a cavern on the left. This 
led to a series of large chambers remarkable 
for the quantity as well as beauty of the 
stalagmite and stalactite formations. Luckily 
these had not been despoiled by the hand of 
the tourist. Only two or three times did the 
party of four find evidence that they were not 
the first to behold these wonderful art products 
of nature. At one point a name with the 
date 1689; at another a name and the date 
1701. After traversing a number of galleries 
they at last came to a small corridor near the 
end of which they saw a small pit which ap- 
peared to have been recently dug in a search 
for artifacts. The disappointment on finding 
the pit indicating that another archeologist 
had been there before was not of long dura- 
tion, for on looking up they beheld simul- 
taneously a number of animal forms deli- 
eately incised on the sloping walls, some of 
them surrounded by thick layers of stalag- 
mite, others partially hid by the same. The 
figures include about half a dozen horses, 
nearly as many bison, one reindeer, one bovine 
animal and some ten curious signs, probably 
a weapon. One of the horses is represented 
as being caught in a trap, others as being 
struck by arrows. The figure of the reindeer 
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is of special importance because of its rarity 
as a mural ornament in the Pyrenean caverns. 

On the day of the discovery of the parietal 
engravings in the cavern of Tuc d’Audoubert, 
I was leaving the cavern region of northern 
Spain for Toulouse to join Professor Henry 
Fairfield Osborn, of the American Museum of 
Natural History, in a tour of the French 
Pyrenean caverns under the guidance of Pro- 
fessor Cartailhac, to whom Count Begouen 
telegraphed news of the find. Professor Car- 
tailhac was able to add this new cavern to our 
itinerary. We reached “ Les Espas” on July 
25 in time for luncheon, after which Count 
Begouen and his sons conducted us to the 
eavern of Tuc d’Audoubert. Although they 
had been to the cavern every day since the 
discovery in a search for more parietal art, 
certain examples remained to be either dis- 
covered or interpreted on the day of our visit. 
Near the entrance to the corridor previously 
mentioned Count Begouen found an addi- 
tional engraving of the horse. Some incisions 
discovered on one of the previous days, the 
trained eye of Professor Cartailhac made out 
to be a figure of Elephas primigenius. On a 
projecting rock two spots of red paint had 
been seen on a previous day but to my satis- 
faction it remained for me to be the first to 
recognize them as two eyes, the projecting 
rock being an animal head in the round. The 
paleolithic artist was quick to take advantage 
of fortuitous resemblances in arriving at re- 
sults that would otherwise require much time 
and labor as exemplified not only in this latest 
find but also in previous ones, for instance, at 
Niaux, Altamira and Castillo. 

Tue d’Audoubert is the most beautiful cav- 
ern in southern France. Fortunately it is in 
appreciative hands, for Count Bégouen is 
mayor of the commune _ (Montesquieu- 
Avantés) in which it is situated. He will 
take immediate steps to protect its treasures 
of ancient art and of nature from vandalism. 
He and his son Max will also prepare a report 
fully illustrated, which is to appear in the 
monumental series published under the aus- 
pices of the Institut de Paléontologie Hu- 
maine, Paris. The importance of the find 
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and the fact that two Americans took at least 
a small part in the first few days of explora- 
tion justify me in sending at the earliest pos- 
sible moment this short notice to Sctence. 
Georce Grant MacCurpy 
TOULOUSE, 
July 27, 1912 


INTERNATIONAL CONGRESS OF 
ENTOMOLOGY 


THE second International Congress of Ento- 
mology met at Oxford at the beginning of Au- 
gust under the presidency of Professor E. B. 
Poulton, F.R.S., Hope professor of zoology. 
According to the report in the London Times 
Professor Poulton in his address paid special 
attention to the processes by which a species by 
natural selection seeks to maintain its place 
in the insect cosmos. Other papers upon evo- 
lution, bionomics and mimicry were contrib- 
uted by the president, who gave an account of 
Mr. C. A. Wiggin’s and Dr. G. H. Carpenter’s 
researches in mimicry in the forest butterflies 
of Uganda; by the Rev. K. St. A. Rogers and 
by Mr. R. C. L. Perkins, who described and 
compared the color-groups of Hawaiian 
Odynerus (wasps) found on the two neighbor- 
ing islands, Oahu and Kauai. In the section 
of philosophic entomology Professor J. F. Van 
Bemmelen (Netherlands) explained the phylo- 
genetic significance of the development of the 
butterfly wing. 

In the section of economic entomology the 
paper read by Sir Daniel Morris on behalf of 
Mr. W. A. Ballou, “Some Entomological 
Problems in the West Indies,” demonstrated 
how an intimate knowledge of the life histor- 
ies of insects may be put to practical uses, 
and how by the introduction of the natural 
parasite of an immigrant pest the attacks of 
the pest may be controlled and even defeated 
altogether. The question of international ac- 
tion to check generally the importation of 
pests was raised in the discussion of Mr. A. 
G. L. Rogers’s paper on “The necessary in- 
vestigation with relation to Insect and 
Fungus Enemies of Plants, Preliminary to 
Legislation.” 

In the pathological department Professor 
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S. A. Forbes, of the University of Illinois, 
contributed a series of observations on “ Sim- 
ulium and Pellagra in Illinois, U. S. A.” He 
has failed to associate directly the many 
eases of pelagra investigated with insects of 
this genus. 

The congress decided to institute an inter- 
national committee to deal with the subject 
of entomological nomenclature, and advised 
the formation of national committees in each 
country, to be elected by the various entomo- 
logical societies, to collect opinions and con- 
sider changes required in the international 
code; and further commissioned the interna- 
tional committee to communicate their reso- 
lutions to the international committee on 
zoological nomenclature. 

The third international congress will ‘be 
held at Vienna in 1915, under the presidency 
of Dr. A. Handlirsch. 


SCIENTIFIC NOTES AND NEWS 


Dr. WILHELM Wunnpt, professor of philos- 
ophy in the University of Leipzig, one of the 
founders of modern psychology, celebrated his 
eightieth birthday on August 16, on which 
occasion a “Wilhelm Wundt Stiftung,” 
amounting to 7,000 Marks, was presented to 
the university by his students and friends. 


THE students, colleagues and friends of the 
late Professor Thomas H. Montgomery are 
desirous of purchasing his zoological library 
and presenting it to the University of Penn- 
sylvania in grateful recognition of his services 
and achievements. It is proposed to mark 
each volume with a book-plate indicating that 
it forms part of The Montgomery Memorial 
Library. Contributions towards the purchase 
of the library may be sent to Dr. H. G. Kribs, 
treasurer, Zoological Laboratory, University 
of Pennsylvania, Philadelphia, Pa. 


Dr. Cuartes L, Parsons, secretary of the 
American Chemical Society, will move to 
Washington on September 1, and the main 
office of the American Chemical Society will 
be in that city after the date mentioned, with 
address as Box 505, Washington, D. C. 
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THE International Lenval prize of the Oto- 
logical Congress has been awarded to Dr. 
George E. Shambaugh, Chicago, for his work 
on the anatomy and physiology of the laby- 
rinth. 

Dr. Hans WINKLER, associate professor of 
botany at Tiibingen, has been appointed di- 
rector of the Botanical Institute at Hamburg. 

Dr. HERMANN Krepner, professor of geology 
and paleontology at Leipzig, has retired from 
active service. 

Dr. ALEXANDER NAUMANN, professor of 
chemistry at Giessen and since 1882 director 
of the chemical laboratories, celebrated his 
seventy-fifth birthday on July 31. 


Proressor GrorcGe Grant MacCurpy, of 
Yale University, has been appointed the repre- 
sentative of the American Museum of Natural 
History at the eighth session of the Congrés 
Préhistorique de France, at Angouléme, Au- 
gust 18-24. He will also represent the mu- 
seum at the fourteenth session of the Congrés 
International d’Anthropologie et d’Archéol- 
ogie préhistoriques, to be held at Geneva the 
first week in September. 


Proressor Herpert E. Grecory, head of the 
department of geology in Yale University, has 
sailed for Peru to join the Yale Peruvian 
expedition under Professor Hiram Bingham. 
They expect to return at Christmas time. 


THE resignation of Professor Sarah F. 
Whiting, who founded the department of 
physies at Wellesley College and has been its 
head ever since, has been accepted by the 
trustees, and Miss Louise Sherwood McDowell, 
Ph.D. (Cornell), has been appointed her suc- 
cessor. Professor Whiting was the first 
woman student in physics at the Massachu- 
setts Institute of Technology, where Professor 
E. C. Pickering had lately started a students’ 
laboratory. She opened the laboratories at 
Wellesley in 1878, thus antedating most stu- 
dent laboratories in American colleges. 
Courses in the new astronomy were offered as 
applied physics until Professor Whiting se- 
cured the funds to build an observatory with 
an exceptional equipment. For ten years she 
has had charge of both departments. She 
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continues in charge of the department of 
astronomy. 


THERE has been published in ScrENCE a list 
of the foreign geographers taking part in the 
transcontinental excursion arranged by the 
American Geographical Society of New York. 
A considerable number of American geog- 
raphers accompany the excursion, either for 
portions of the distance or for the entire trip. 
Those who make the entire trip, in addition 
to the director of the excursion, Professor 
William M. Davis, of Harvard University, 
are: Albert Perry Brigham, professor of geol- 
ogy, Colgate University; Richard E. Dodge, 
professor of geography, Teachers College, Co- 
lumbia University; Nevin M. Fenneman, pro- 
fessor of geology, University of Cincinnati; 
William J. Humphreys, professor of meteoro- 
logical physics, Weather Bureau, Washington ; 
Mark Jefferson, professor of geography, State 
Normal College, Ypsilanti; Lawrence Martin, 
assistant professor of physiography, Univer- 


sity of Wisconsin; Robert DeC. Ward, pro- * 


fessor of climatology, Harvard University, and 
Frank E. Williams, instructor in geology, 
University of Wisconsin. 


Proressor Huco pe Vries will visit this 
country again in September and October next. 
His itinerary, so far as can be arranged in 
advance, is to reach New York about Sep- 
tember 12, where he is to give a lecture at the 
Botanical Garden on September 14. From 
there he goes to the University of Pennsyl- 
vania to see the work which Professor Davis 
is doing with @notheras, and will then spend 
a short time in Washington. His next ob- 
jective point will be Dixie Landing, Ala., 
where he goes with Professor Tracy to visit 
the type locality of @nothera grandiflora to 
study its possible mutants in its original hab- 
itat. He will then go to Biloxi, Miss., where 
he will make his headquarters while he visits 
the “mud lumps” near the mouth of the 
Mississippi River, and a number of the islands 
near Biloxi. After that he and Professor 
Tracy will go to San Antonio, Brownsville 
and other points in southern Texas, where 
Professor de Vries goes to study the relations 
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of the flora to the geological and geographical 
conditions. On October 14, Professor de Vries 
is to deliver the dedicatory address of the Rice 
Institute, at Houston, Texas. 


Proressor D. Sauissury, head of 
the department of geography and dean of the 
Ogden Graduate School of Science in the 
University of Chicago, has been granted leave 
of absence during the autumn quarter for the 
purpose of scientific investigations in South 
America. Professor Salisbury, in company 
with Mr. Bailey Willis, of the U. S. Geolog- 
ical Survey, sailed from New York on Au- 
gust 10 for Panama, whence they cross the 
isthmus and go down the west coast of South 
America as far as Valparaiso, Chile. A few 
days will be spent on the west side of the 
Andes, with a possible trip southward as far 
as the railroad will carry them in Chile, and 
the party will then cross the range by the 
Trans-Andean Railway, going into northern 
Argentina and then down to Buenos Aires. 
About October 1 Professor Salisbury intends 
to camp in Patagonia at Lake Nahuel 
Haupi in the eastern Andes in latitude 41°. 
On his return he expects to stop at Rio de 
Janeiro and go back into the interior from 
that point to the great iron deposits of 
Brazil. 


Tue American Museum of Natural His- 
tory has received a telegram from V. Stefan- 
son, who has been conducting an ethnological 
and zoological expedition in the Coppermine 
River region and adjacent islands in the 
Arctic Ocean. This telegram is dated Aug- 
ust 18, and was sent by way of the revenue 
cutter Bear to Nome and thence to Seattle. 
It says that Mr. Stefansson arrived at Point 
Barrow, Alaska, on June 13. He reports that 
he devoted the winter to studies of the lin- 
guistics of the Eskimo and the summer to the 
excavation of ancient village sites. He has 
some 50,000 archeological specimens. On 
this expedition he was accompanied by Dr. R- 
M. Anderson. Mr. Stefanson reports that 
Anderson and the eastern collections, that is 
collections from the Coppermine River re 
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gion, will be due in San Francisco next No- 
vember. 

J. J. ‘TAuBENHAUS, assistant plant pathol- 
ogist of the Delaware College Agricultural 
Experiment Station, delivered an address on 
July 14, 1912, on “ Our Present Knowledge of 
the Sweet Pea Diseases and Their Control,” 
before the American Sweet Pea Society which 
held its annual exhibit in the Horticultural 
Hall of Boston, Mass. 


At the eighty-fourth convocation of the 
University of Chicago, which will be held on 
August 30, the convocation orator, Dr. Henry 
Churchill King, president of Oberlin College, 
will have for his subject “ The Contribution 
of Modern Science to Ideal Interests.” 


S. Weepon, Ph.D. (Hopkins), 
since 1904 research chemist for the E. I. du 
Pont de Nemours Powder Co., died in Wil- 
mington, Del., on July 10, aged thirty-five 
years. 

Mr. Rospert Hotrorp MacpowaLt Bosan- 
queT, F.R.S., fellow of St. John’s College, 
Oxford, known for his researches in acoustics 
and magnetism, died on August 7, aged sev- 
enty-one years. 


Dr. Humpnrey Owen Jones, F.R.S., of 
Clare College, Cambridge, his wife and a 
Swiss guide, lost their lives on August 15 
owing to an accident which occurred while 
they were ascending the Aiguille Rouge de 
Pentéret, in the Alps. Mr. Jones was 
in his thirty-sixth year and only married on 
the first of this month. For some years he 
had been demonstrator to the Jacksonian pro- 
fessor of natural experimental philosophy at 
Cambridge, and was amongst the most bril- 
liant of the younger British chemists. He was 
elected into the Royal Society this year. Mrs. 
Jones was a member of Newnham College, 
and had been doing research work in the 
chemical laboratory in Cambridge for the 
past year. An even more eminent Cambridge 
man of science, Professor Francis Maitland 
Balfour, lost his life on the same mountain 
in July, 1882, 


A VALUABLE collection of British lepidop- 
tera, made by the late Mr. John A. Finzi, has 
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been presented by Mrs. and’ Miss Finzi to the. 
Zoological Museum at University College, 


London. 


At the meeting of the. German Geological 
Society in Reiswald on, August 8, a paleonto- 
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logical society was established. The organ of 
the society, Die Paleontologische Zeitschrift, 


will be published in Berlin by Borntraeger. 


Tue third Clinical Congress of Surgeons of 
North America will be held in New York, 
November 11-16. The.place of registration is, 
as we learn from the Journal of the American 


Medical Association, the ball room of the. 


Waldorf-Astoria, where the daily program 
will be bulletined one. day in advance and 
where printed programs of each day’s clinics 
will be distributed. The work of the congress 
will be divided into six branches, namely: 
general surgery, gynecology, genito-urinary 
surgery, orthopedics, obstetrics and eye, ear, 


nose and throat surgery. In the evenings. 
literary and scientific programs will be given. 


as follows: 


Monday, November 11—Presidential Meeting— 
Albert J. Ochsner, Chicago: Address of the re- 
tiring president. Edward Martin, Philadelphia 
(president’s address): ‘‘Treatment of Hepatic 
Cirrhosis.’’ William J. Mayo, Rochester, Minn.: 
‘*Surgery of the Large, Bowel.’’ Discussion by 
Charles H. Peck, New York City. 

Tuesday, November 12—George W. Crile, Cleve- 
land: ‘‘Kinetic Theory of certain Diseases, with 
special reference to Internal Secretions.’’ Howard 
A. Kelly, Baltimore: Paper on Kidney Surgery. 
Discussion by George E. Brewer, New York City. 


Otfried Foerster, Breslau, Germany: ‘‘ Indications . 


and Results of Excision of the Posterior Spinal 


Nerve-roots.’’» Charles H. Frazier, Philadelphia: 


Paper on Surgery of the Spinal Cord. Discussion 
by Charles A. Elsberg, New York City. 
Autuors and editors concerned with the 
preparation. of illustrations for scientific pur- 
poses will find'a booklet.by L. P. Mosler on 


“Tie moderne graphische Reproduction” of ° 


great service. It. is. issued by. the firm of 


Gustav Fischer,.(Jena), famous for the su-. 
perb illustrations in the scientific works bear- . 


ing its imprint. Simple explanations are 


given of; the, principles. underlying the. 
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making of line cuts; of half-tones, including 
duplex half tones, and the three and four- 
color processes; of heliotype, photogravure, 
and intaglio prints. Especial advice is given 
on the technical points involved in the prep- 
aration of good originals designed for these 
different processes. 


Tue National Bureau of Standards is about 
to issue a circular entitled “ State and Muni- 
cipal Regulations for the Quality, Distribu- 
tion and Testing of Illuminating Gas.” This 
circular (133 pages, uniform in style with 
other bureau circulars) has been prepared 
after conference and correspondence with a 
large number of gas engineers and inspectors; 
and it represents, as nearly as possible, the 
average opinion of many men active in the 
field of gas manufacture and gas testing. 
Part I. of the circular gives a summary of the 
municipal gas ordinances now operative, pre- 
sents a general discussion of municipal gas 
requirements, and proposes an ordinance 
largely compiled from the best ordinance re- 
quirements now in force. Part III. quotes a 
few ordinances typical of those recently en- 
acted and gives the main portions of state gas 
laws now in force affecting gas quality, pres- 
sure and meter accuracy. The circular does 
not concern itself with financial regulation of 
gas companies nor does it include any discus- 
sion of the comparative value of various meth- 
ods of works management. It deals mainly 
with the candlepower, heating value, purity 
and pressure of the gas and gas meter testing. 
The present publication has grown out of the 
investigation of the methods and standards 
employed in gas photometry and gas calorim- 
etry, undertaken by the bureau three years 
ago. A second circular on the methods of 
testing employed for official inspection work 
is now being prepared. Although it can not 
be expected that the regulations for or meth- 
ods of gas testing will ever be entirely uni- 
form throughout the country, it is believed 
that if the results of a comprehensive investi- 
gation of the subject are published, a greater 
uniformity of method, and in some cases more 
accurate measurements will result. The atti- 
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tude of the Bureau of Standards is entirely 
advisory and its intention is to place in the 
hands of the technical and general -public an 
impartial and, as nearly as may be, an accu- 
rate summary of the facts which must be con- 
sidered in connection with the fixing of stand- 
ards of quality and the testing of illuminating 
gas. Revision of the circular from time to 
time is contemplated in order to amend the 
recommendations as to the requirements to 
adapt it to new developments in the gas in- 
dustry. The circular is now in press and will 
be ready for distribution soon after April first. 
Copies may be obtained free of charge by 
addressing The Director, Bureau of Stand- 
ards, Washington, D. C. 


Nature states that the celebration of the 
jubilee year in the history of the two French 
reviews—the Revue Bleue and the Revue Sci- 
entifique, the subtitle of which is the Revue 
Rose—was held in Paris on June 12, at the 
Hétel Continental. The editors were sup- 
ported at a banquet by representatives of the 
Government, Parliament, the University and 
the Institute of France; in fact, not only were 
men of science, artists and men of letters 
present, but Parisian society generally united 
to do honor to the occasion. M. Ch. Moureu, 
the editor of the Revue Scientifique, in speak- 
ing in the name of science, dwelt on the ad- 
vances made in science during the last fifty 
years, and was followed by M. Lippmann, 
president of the Paris Academy of Sciences, 
who referred appreciatively to the work done 
by our contemporary to assist the spread of 
scientific knowledge. 


THE museum committee of the Royal Col- 
lege of Surgeons has issued its annual report 
which is summarized in the London Times. 
Altogether the museum has been enriched by 
upwards of 1,000 specimens. The first place 
must be given to a collection which has been 
presented by the executors of the late Lord 
Lister through the president of the college, 
Sir Rickman J. Godlee. This comprises Lord 
Lister’s surgical instruments, appliances used 
in early researches, records and tracings of ex- 
periments, drawings and pathological speci- 
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mens. Another collection of surgical instru- 
ments, formerly the property of the Obstetri- 
cal Society, was presented by the Royal So- 
ciety of Medicine, while Mr. Penrose Wil- 
liams, of Bridgwater, has presented the whole 
of his collection, containing many desirable 
specimens. Of the primitive races now liv- 
ing, the native Australians are likely to prove 
the most instructive of the human body. The 
college has acquired by purchase several 
crania and skeletons of that race, while several 
presentations have been made which are of 
real value. Many rare and valuable speci- 
mens have been added to the series illustrating 
the osteology and diseases of the ancient 
Egyptians. Remains of ancient man have 
also been presented which were found in a 
cave, with wall decorations of a primitive 
type, in the south of Spain, and some casts of 
certain remains of ancient man which have 
given rise to much discussion in Europe. 
These are the only casts so far received in 
England. The Archeological Society of 
Broadstairs presented a series of skulls and 
skeletons belonging to the Bronze and Anglo- 
Saxon periods. These have been investigated 
and, for the first time, an approximately com- 
plete articulated skeleton of one of the Bronze 
Age men has been obtained. A medico-legal 
collection has been formed and a human 
femur, with photographs of human remains, 
found in the ruins after certain anarchists 
were besieged in Whitechapel, in January, 
1911, has been presented. The new additions 
to the museum were specially exhibited on the 
occasion of the council election on July 4, and 
also on the two following days. There have 
been 12,231 visitors to the museum during the 
year, 


UNIVERSITY AND EDUCATIONAL NEWS 


Tue following new buildings and additions 
are now in the course of construction at the 
University of Illinois: transportation build- 
ing, mining building, ceramics building, loco- 
motive testing laboratory, addition to woman’s 
building, addition to agricultural building, 
commerce building, stock judging pavilion, 
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agronomy greenhouses, sheep and horse barns. 
In addition to these the law building is being 
remodeled and plans and appropriations have 
been made for a new armory and new horti- 
cultural greenhouses. 


STEPHEN Taber, A.B. (Stanford, 06), Ph.D. 
(Virginia, ’12), for the past three years as- 
sistant geologist on the Virginia Geological 
Survey and instructor in geology in the uni- 
versity, has been elected to the chair of geol- 
ogy in the University of South Carolina. 


Mr. Hersert Orro Lussky, assistant in 
physiology at the University of Chicago, has 
been put in charge of the department of physi- 
ology in the college of arts and science and 
the college of medicine of the University of 
South Dakota. 


Proressor JoHN N. Swan has leave of ab- 
sence from Monmouth College for one year 
and will have charge of the department of 
chemistry in the University of Mississippi. 
Dr. A. M. Muckenfuss, who is at the head of 
the department, has leave of absence for a year. 
He will first complete some research work and 
then spend the remainder of the year in Ger- 
many. Mr. J. P. Trickey, of the University 
of Pittsburgh, will take charge of the chem- 
istry at Monmouth College. 


AT the recent meeting of the board of trus- 
tees of the University of Illinois the following 
promotions were authorized: Ernest L. Bogart, 
professor of economics; J. Howard Beard, in- 
structor of physiology; Francis C. Lincoln, 
assistant professor of mining engineering, and 
Horatio N. Parker, instructor in municipal 
and sanitary dairying. 


DISCUSSION AND CORRESPONDENCE 


A NEW FOSSILIFEROUS HORIZON ON BLUEBERRY 
MOUNTAIN, IN LITTLETON, NEW 
HAMPSHIRE 


LirtteTon, New Hampshire, has been par- 
ticularly interesting to geologists because it 
is one of the few localities in the state where 
fossils have been found. These fossils are of 
Niagaran age.’ They are contained in the 

1 Hitchcock, C. H., ‘‘ New Studies in the Ammo- 
noosue District of New Hampshire,’’ Bull. Geol. 
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lower members of a series of beds which, in 
the form of an irregular syncline, constitute 
the ridge known as Blueberry Mountain. The 
best specimens have been taken from the 
northern slope of Fitch Hill, the most north- 
ern eminence of the mountain. Here the suc- 
cession of strata* is as follows: (1) A coral- 
line limestone (30 to 50 feet thick)’ resting 
unconformably upon an igneous foundation ;* 
(2) a caleareous slate (5 to 8 feet thick)* in 
which are the impressions of brachiopods and 
trilobites; (3) limestone, partly dolomitic; 
(4) coarse feldspathic sandstone (arkose) ; 
(5) a thick mass of regularly banded argil- 
lites, passing upward into (6) a dark, pyriti- 
ferous sandstone. Previous to last summer 
no fossils had been found above the calcareous 
slate.” 

In August, 1911, while engaged in geolog- 
ical investigations which were undertaken 
through the advice and generosity of Mr. R. 
W. Sayles, of the Harvard Geological Depart- 
ment, the writer discovered the distorted im- 
pressions of brachiopods, probably Spirifer or 
a related genus, in talus at the foot of the 
“crags,” a precipice of the dark sandstone; 
but the specimens were not well preserved. 
In continuation of the same work, during the 
present summer, we chanced upon a fossilifer- 
ous sandy layer in the banded argillites, where 
a north-south road crosses the ridge between 
Blueberry Mountain and Bald Hill. This 
spot is two and a half miles from the Fitch 
Hill exposures of the same series, southwest- 
ward along the strike. 


Soc. Am., Vol. 15, 1904, pp. 462, 479, 480. Also, 
by the same author, ‘‘The Geology of Littleton, 
New Hampshire,’’ with an ‘‘ Article on a Trilobite 
from Littleton and Notes on Other Fossils from 
the Same Locality,’’ by A. E. Lambert. Reprint 
from the ‘‘ History of Littleton.’’ Published by 
the University Press, Cambridge, Mass., 1905, p. 38. 

? Op. cit., 1904, p. 464, and op. cit., 1905, pp. 15, 
34. 

* Op. cit., 1905, p. 34. 

* We shall publish a more detailed report on the 
geology of Fitch Hill at a future date. 

e cit., 1904, pp. 479, 481, and op. cit., 1905, 
p. 31. 
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Since the lower part of the banded argil- 
lites is about 400 feet above the coralline 
limestone (omitting two thick basic gills 
which have been injected into the formation), 
and since this new locality is at least 300 feet 
above the base of the banded series, these fos- 
sils oceur stratigraphically 700 feet or more 
above the Fitch Hill fossiliferous horizon. 

The impressions are chiefly of brachiopods, 
They will be submitted for identification at 
the close of the field season. Meanwhile we 
shall make a more extended examination of 
the argillites. 


Freperick H. Lanee 
LITTLETON, N. H., 
August, 1912 


A PUZZLING PHOTOGRAPH 


To tHE Eprror or Science: In the issue of 
Collier’s Weekly for August 3, under the cap- 
tion of “ A Prehistoric Peruvian Graveyard,” 
Grace Whitworth gives a halftone picture of 
a remarkable ossuary which is stated to have 
been taken from a structure discovered, by 
some person unnamed, in a tropical jungle on 
the Ucayali River in Peru. The structure is 
stated to be a square of 200 feet enclosed by a 
wall 25 feet high, built “apparently of red 
clay,” with no entrances, and along the top of 
the wall at regular intervals it is ornamented 
with vases made of the same material. In- 
side was an immense mass of human bones 
free from any superincumbent deposit and 
mostly in an excellent state of preservation 
(judged by the picture) and in some parts of 
the enclosure heaped to a depth of 18 feet. 
“Some entire skeletons were lying out 
straight, while thousands of other skulls and 
bones appeared to have been dragged about, 
probably by buzzards.” 

Allowing nine feet for the average depth of 
the mass and one cubic foot for the space 0¢- 
cupied by one skeleton, there should be a total 
possibly amounting to 72,000 human beings 
represented by the deposit. 

In an ordinary newspaper such a com- 
munication might be allowed to pass un 
noticed with snake and fish stories, but in the 
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present instance it seems worth while to give 
some reasons why it seems practically certain 
that Collier’s correspondent has been the vic- 
tim of a hoax, especially as “an archeologist 
of repute” in America is stated to have said: 
“This looks very much as if we should have 
to begin our research all over again,” pre- 
sumably meaning in South American archeol- 
ogy. 

To my mind, there is a probability, almost 
amounting to a certainty, that the photo- 
graph, which is certainly taken from a real 
scene, represents a structure which is not pre- 
historic, which is not South American, which 
is not the work of a savage people, and which 
is situated not in a tropical jungle subject to 
a rainy season like the Peruvian Ucayali, but 
in an arid country probably devoid of vegeta- 
tion. Where or why it exists is a problem to 
be solved by some one better posted in Eura- 
sian archeology than the present writer. 

The halftone does not lend itself to mag- 
nification like an original photograph but it 
can be seen that the top of the wall is abso- 
lutely rectilinear and level, and provided on 
a bevelled edge with long smooth sloping slabs 
of some substance, probably stone, roofing it 
from the weather. These slabs are of uniform 
length, apparently about fifteen feet, and at 
their junctions are placed the vases on a pre- 
sumably flat surface. The latter are of a 
“classical” design like no product of the 
American aborigines. No structure with 
such unvarying lines is known among Amer- 
ican prehistoric ruins nor as the product of a 
people in a state of savagery. 

It is notable that there is no trace of trop- 
ical or other vegetation in the picture. If 
some skeletons still remain in a natural posi- 
tion, and no deposit of vegetation or drift of 
dead leaves and mold has formed on this im- 
mense heap of bones, and those in the lower 
part of the heap seem (from the picture) to be 
perfectly preserved, it is evident that the de- 
posit can not be prehistoric but is very recent; 
that it can not have been subject to tropical 
rains and blown débris for centuries, but must 
be in an arid climate where bones do not read- 
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ily decay, and where there is no vegetation of 
a kind to form a covering of humus. 

The picture is interesting enough in itself 
to be worth an authentic explanation. 


Wa. H. Datu 
SMITHSONIAN INSTITUTION 


“TERMS USED TO DENOTE THE ABUNDANCE OR 
RARITY OF BIRDS ” 


To tHe Eprror or Science: I sympathize 
with Mr. John Dryden Kuser’s desire to 
standardize the terms used to denote the 
abundance or rarity of birds,’ but it seems to 
me that the chief difficulty is the inherent 
one that lies in the personal equation. No two 
persons can have just the same notion as to 
the precise meanings of the various terms 
used. What one calls rare another calls un- 
common, and still another, having in mind 
the relativity of all such terms, may call the 
species “fairly common,”’—for a hawk, for 
instance, hawks being judged by a different 
standard from warblers. Undoubtedly the 
best system is a numerical one when that is 
possible, the exact or estimated number of 
individuals observed being noted. That en- 
tails, however, in some cases an amount of 
labor that the observer may prefer to expend 
in other directions, while for generalizations 
it is unsatisfactory. 

As to the list of terms with synonyms of- 
fered by Mr. Kuser, it seems to me that it is 
open to objection in some particulars. It is 
not quite clear, for one thing, just what he 
means when he states that “not uncommon is 
equal to common.” Is he making an arbi- 
trary ruling for his own guidance, or is he 
stating what he believes to be a fact? Pre- 
sumably the latter, since he says he limits 
himself to eight terms, and “not uncommon ” 
is not one of the eight listed. And yet I ven- 
ture to express the belief that to most ornith- 
ologists the term “not uncommon” expresses 
a status distinctly less common than “com- 
mon.” It comes nearer to “fairly common,” 
but to my mind means less common than that. 
In short, it seems to me that we can not treat 


1 ScIENCE, June 14, 1912, p. 930. 
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the English language exactly as we treat a 
mathematical equation. There are fine dis- 
tinctions in words that we can not abolish by 
arbitrary rules. 

I quite agree with Mr. Kuser that “ quite 
common” is an incorrect expression as it is 
ordinarily used, but I am very sure that 
simple “common” does not fill its place, and 
I am not altogether certain that “fairly com- 
mon” quite expresses it either, though per- 
haps that is the best substitute. 

“Tolerably common,” though it has the 
sanction of government usage, is also objec- 
tionable on etymological grounds, as Mr. 
Kuser points out. 

“ Frequent ” strikes me as objectionable be- 
cause it is an adjective of time rather than 
number or distribution in space. “ Fairly 
common” or “rather common” are prefer- 
able, perhaps. 

The statement that “accidental is occa- 
sional or rare” seems to me absolutely wrong. 
All birds that occur only accidentally or 
“ casually ” are rare, but not all rare birds can 
be called accidental. The distinction is gen- 
erally recognized, I think. The accidental oc- 
currence of a bird is supposed to be due to 
some stress of weather or similar outside force 
or possibly some abnormal tendency in the 
individual. No bird that is found regularly 
in a given locality, no matter how rare it may 
be, can be called accidental—unless, indeed, it 
is a single individual that is found thus reg- 
ularly. Mockingbirds are still rare in Massa- 
chusetts, but they can no longer be called acci- 
dental, and the same is true of the Iceland, 
Kumlien’s and glaucous gulls. 

Mr. Kuser says that “ very rare is using an 
unnecessary adverb, for rare is very rare,” 
but are there not degrees of rarity, and, if so, 
why should we not be permitted to indicate 
them? Mr. William Brewster in “ Birds of 
the Cambridge Region,” calls the mourning 
warbler “rare in spring, exceedingly rare in 
autumn.” Is there not a decided advantage 
in being able to make this distinction? 

Is not Mr. Kuser’s definition of “ scarce” 
as indicating “that the bird mentioned was 
at some previous time common” a purely 
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arbitrary one? If so, how can he expect its 
use in that sense to be generally adopted? 

Finally I suggest that Mr. Kuser’s definition 
of “irregular” be extended to cover the com- 
plete absence of a species during some seasons, 

It was certainly worth while to call attention 
to the common use of vague and inaccurate 
terms in bird-lists, but as one who has made 
many lists (mostly unpublished), I have ven- 
tured to offer a few considerations which will 
serve to indicate that the standardization of 
the terminology is not so easy as it looks. 


Francis H. 
West Roxsury, MAss. 


POPULAR “ SCIENCE” AGAIN 


Ir is perhaps worth while calling the atten- 
tion of the readers of Scrence to a fresh con- 
tribution to the pseudo-scientifie literature of 
this country. In a recent number of Mother’s 
Magazine, Dr. Cornelia B. DeBey writes con- 
cerning weeds as follows: 


Weeds may not seem (to you) to have much con- 
nection with your home hygiene, but they do have. 
Growing under the bedroom window, thriving in a 
corner of the yard, lining a back walk, they are 
constantly, through their nature, absorbing float- 
ing air poisons. As the period of their annual 
decay approaches, they throw off these poisons and 
the winds gather them up and sweep them through 
the house. They are blown into your lungs and 
into the lungs of your children. If perchance the 
system of any one of you happens to be weak at 
the time, a sickness may almost certainly be ex- 
pected to follow. 

Weeds of the yard, like the foul dust of the 
streets of a city, carry millions upon millions of 
germs eager to thrive on any frail human or 
animal body. Root out the weeds. Treat them 
with scalding hot lye and wood ashes that have 
been soaked in hot water. Attack them with hoe 
and spade. Certain noxious weed growths, very 
common to American yards, may breed diphtheria, 
typhoid fever, scarlet fever and serious catarrhal 
affections. 


The spirit of the foregoing is doubtless 
highly commendable, but the ideas of the 
causes of diseases inculeated in such a state- 
ment, are, at the very least, undesirable. 


Ernst A. Bessey 


| 
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QUOTATIONS 


THE MEDICAL MAN AND RESEARCH 


In a recent address on “ Research Founda- 
tions in their Relation to Medicine”’* the 
well-known neurologist of the Wistar Institute, 
Professor H. H. Donaldson, has expressed cer- 
tain views which deserve to be heralded in 
medical circles beyond the immediate audience 
of graduates in medicine to which they were 
originally addressed. He has emphasized the 
fact that the programs of the large research 
foundations imply the hope that by such en- 
dowments new facts and new points of view 
fundamentally important to medicine may be 
discovered. Many of these establishments 
serve in a way to mediate between the prob- 
lems of practise and the findings of science. 
The popular mind is constantly alert for some 
new application of science to the work of the 
world or the needs of the arts. Accordingly 
there is an ever-present tendency to place 
undue importance on the purely practical as- 
pects of all research. 

The worker who is engaged in the actual 
pursuit of scientific investigation realizes well 
enough that there is no essential distinction 
between so-called practical and theoretical 
knowledge. He would, indeed, be rash who 
would foretell where one type of contribution 
merges into the other. But with the laity the 
search for the unknown finds little encourage- 
ment except when it is attended by some pal- 
pable result of immediate application. Hence 
the pressure which many of our institutions 
feel to present something that will satisfy this 
unfortunate and mistaken public demand. 

Precisely here the medical man of to-day 
has an opportunity and a duty. Trained in 
the school of modern science, he should have 
acquired an appreciation of the unhampered 
search for new knowledge which is so rarely 
intelligible to the community at large. He 
is more or less familiar with the aims of the 
research worker and has some understanding 


* Donaldson, H. H., ‘‘Research Foundations in 
their Relation to Medicine,’’ address at the gradu- 
ation exercises of the Yale Medical School, Scr- 
ENCE, July 19, 1912. 
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of what these endeavors have contributed to 
the world. He should defend the effort and 
help to spread the propaganda. We believe 
that the attitude of the practitioner toward 
certain features of medical research is, in 
general, wholesome and helpful in so far as 
these features involve relations to the problems 
of clinical medicine. There is, however, an- 
other class of problems which demand solu- 
tion no less than some of the more obvious 
questions. These more subtle problems in- 
volve the “why” and “how.” They are 
harder to answer; they appeal to fewer investi- 
gators, and not many men are adequately 
equipped to attack them. As Donaldson has 
said, because the men who can do this latter 
kind of work are relatively rare, even among 
investigators, because such work can have 
rational appreciation from a limited group 
only, and because knowledge of this sort 1s 
sure to become the basis for many applications 
in the future, it behooves us all to see to it 
that we foster such investigators—the most 
valuable of our natural resources. When a 
mistaken popular notion arises as an obstacle 
to progress we must help to remove it. 

It has often been said that research is an 
attitude of mind. This is something different 
from the mysterious features which are some- 
times attributed to it. The spirit of research 
is attainable, even if at times it seems remote. 
Quoting Donaldson: “ A man may have little 
leisure and trifling resources, and may never 
have published; but if he examines the world 
in a questioning spirit, if he carries with him 
not only conclusions, but the observations on 
which they rest, if he refuses to pound square 


facts into the round holes that he happens to . 


have in hand, he has attained illumination.”— 
Journal of the American Medical Association. 


SCIENTIFIC BOOKS 


The Principles of Human Nutrition. By 
Wuitman H. Jorpan, director of the New 
York Agricultural Experiment Station. 
The Macmillan Company. 1912. Pp. 450. 
$1.75 net. 

The object in view, as stated in the preface, 


i 
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was “such a presentation of the subject-mat- 
ter related to human nutrition as would be 
more or less adapted to popular use, but par- 
ticularly to instruction of students with mod- 
erate scientific acquirements, whether in col- 
leges, secondary schools, short courses, schools 
of domestié science or correspondence schools.” 
The volume is essentially one for the producer 
and consumer. It is written in non-technical 
language, and no chemical symbols are em- 
ployed. 

Part I. contains eight chapters (176 pages) 
dealing with the subjects: The Plant as a 
Source of Human Sustenance, The Chemical 
Elements Involved in the Nutrition of the 
Human Body, The Compounds of Human 
Nutrition (Chapters ITI. and IV.), The Di- 
gestion of Food, The Distribution and Trans- 
formations of the Digested Food, The Func- 
tions of Food Compounds, Laws of Nutrition. 
Part II. is devoted to practical dietetics and 
the chapters are headed: General Considera- 
tions, The Selection of Food or the Regula- 
tion of Diet, The Relation of Diet to the 
Varying Conditions of Life, Food Economics, 
Special Dietetic Methods, The Nutrition of 
the Child, The Character and Food Value of 
Certain Commercial Articles, The Prepara- 
tion of Food, Food Sanitation, The Preserva- 
tion of Foods. Pages 351-443 consist of tables 
showing the composition of American food 
materials. 

A book on nutrition written for non-scien- 
tific readers can not justly be criticized for 
lack of strict scientific accuracy. In a few 
instances however the author seems to have 
incorporated material conveniently at hand 
instead of seeking the best available. For ex- 
ample, in Table II., page 16, is recorded the 
content of the principal mineral elements in a 
number of grains and vegetables. The figures 
are derived from Wolff’s “ Aschen Analysen ” 
published in 1871. It is now well known that 
Wolff’s values for sulfur, and in many cases 
for chlorine, are entirely unreliable. Again in 
Table XV., page 60, corn is listed as a protein 
and the values for its cleavage products are 
those given by Osborne and Clapp for zein. 
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Osborne and Jones have expressed greater con- 
fidence in a later analysis of this protein.’ 

On page 25 occurs the statement that or- 
ganic matter is of two classes: (1) protein and 
non-protein, and (2) carbohydrates, fats and 
acids. Misprints are occasionally met with 
but in general are not misleading. On page 
34, however, a column of bases is headed 
acids, and again on pages 297-300 in four in- 
stances the cost of certain dietaries for chil- 
dren is given in fractions of a cent where it 
is evident that dollars are intended. 

On page 128 hematin is used where hemo- 
chromogen is meant, and on pages 129, 135 and 
149 the same term is employed where hxmo- 
globin is the correct term. 

Reformed spelling is employed in some 
cases but not in others. Thus on pages 68 
and 74 xylose is spelled zylose, while saccha- 
rose is regularly spelled in the old fashioned 
way. On page 68 zylin is given as the equiva- 
lent of wood gum and as the mother sub- 
stance of zylose. Similarly arabin is said to 
yield arabinose. Obviously xylan and araban 
are referred to. One might well question the 
wisdom of changing, without explanation, 
word endings having so definite a significance 
in carbohydrate nomenclature. 

The data presented are on the whole reliable, 
and the errors noted should detract but little 
from the book when used by the class of stu- 
dents for which it is intended. It is written 
in a conversational style and is highly enter- 
taining reading. The treatment of the eco- 
nomic and social aspects of human nutrition 
is somewhat better than the scientific, but it 
is decidedly the best non-technical treatment 
of the subject in general. The discussion of 
special dietetic practises (vegetarianism, un- 
cooked food, etc.) is especially good, and the 
book should do much good in replacing the 
popular works on nutrition written by adher- 
ents to the various dietetic fads. 

E. V. McCottuM 

UNIVERSITY OF WISCONSIN 


* Osborne and Clapp, American Journal of Phys- 
iology, Vol. 20, 1908, p. 477. Osborne and Jones, 
ibid., Vol. 26, 1910, p. 212. 
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Fergusson’s Percentage Unit of Angular Meas- 
urement, with Logarithms; also a Descrip- 
tion of his Percentage Theodolite and Per- 
centage Compass. By JoHn CoLEMAN Ferr- 
cusson. London, Longmans, Green & Co. 
1912. 8vo. Pp. Ixvii-+ 467. 

This is one of those costly volumes printed 
occasionally to advocate some novel idea; not 
actually incorrect, but yet quite without real 
value. Such books are full of pathos. One 
can see in their pages lost yet endless indus- 
try; painful longing for sympathetic apprecia- 
tion; indomitable energy; the sacrifice almost 
of a life-time; and finally the refusal to ac- 
cept even the kindliest adverse criticism. 
Were not the theories of Galileo received with 
incredulity? Are not my theories met by 
similar unbelief? Galileo was right. So then 
must I be also. Such is the fallacious reason- 
ing consciously or unconsciously in the minds 
of men like Fergusson. 

The division of the circle has always been 
made hitherto in equal parts, ordinary de- 
grees of are or centesimal degrees. Fergusson 
proposes to divide the circle into unequal parts, 
one hundred spaces to each octant, or are of 
45° as ordinarily measured. To the new di- 
visions will be attached numbers thus: 1%, 
2%, . . . 10%, ete., in such a way that the 
number 10%, for instance, will belong to the 
angle whose tangent is 0.10, ete. 

The author gives elaborate logarithmic 
tables computed for this new division of the 
circle; but it appears from his examples of 
their use that no saving of time or other ad- 
vantage has been obtained. He has also had 
made an engineer’s angle instrument provided 
with the new circle divisions; and has of 
course been unable to use a vernier. In its 
place is substituted a most complicated “mi- 
crometer drum screw.” 

The book is not free from humor: we recom- 
mend the following passage to the engineering 
and financial experts of Wall Street. 

“A gives X £500 sterling for a half share in 
the sixth interest that Y holds in a mining 
claim located at Eureka, Nevada, U. S. A. It 
is plain to everybody that XY has received 
£500 sterling for the half share of his mining 
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interest. A, on the other hand, has got for 
his money an acknowledgment, which, in 
itself, is a concrete function implying value; 
and this implied value is dependent on the 
geological formation of a piece of ground 
staked out in Nevada, the true value of which 
A may determine by the aid of a Philadelphia 
lawyer and a western mining expert. A has 
received implicit value; X got explicit value.” 

The author asserts that this “simple ex- 
ample” makes clear “the whole difference be- 


tween the arithmetical and algebraic systems.” 
H. J. 


SPECIAL ARTICLES 


THE PRESENT STATUS OF THE BACTERIOLOGY OF 
HUMAN LEPROSY 


Since the discovery by Hansen in 1872 of 
an acid-fast bacillus in the leprous lesion to 
which he ascribed an etiological réle, numer- 
ous investigators have reported success with 
its artificial cultivation. It may be stated, 
however, that prior to 1901 the cultures iso- 
lated and described by various investigators 
differed tinctorially and morphologically from 
the Hansen bacillus of the tissues, and al- 
though many of these cultures were said to 
have induced experimental lesions similar to 
human leprosy and to have fulfilled other 
postulates, no one of them has been univer- 
sally accepted as the specific organism of 
leprosy. 

Kedrowski in 1901 described an organism 
which he cultivated from the leprous lesion 
and believed to be the specific bacillus of lep- 
rosy. This author reported his culture as a 
non-acid fast diphtheroid bacillus, which when 
injected into laboratory animals became acid- 
fast after a sojourn of weeks in the tissues. 
He advanced the theory that the acid-fast rods 
seen in human leprous lesions represent but a 
stage in the developmental cycle of a single 
pleomorphic species. 

Deycke and Rost and Williams have since 
reported (1905) upon the successful cultiva- 
tion from the leprous nodule of an organism 
similar to that of Kedrowski’s together with 
which they also found streptothrical forms 
and acid-fast rods. 
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More recently Bayon (1912) describes a 
non-acid-fast diphtheroid obtained from a 
leper which behaves in a like manner to 
Kedrowski’s culture, 7. e., the initial growth 
from the tissues is non-acid-fast and a diph- 
theroid until passed through rats, after which 
it permanently changes into a typical acid- 
fast bacillus. Like Rost and Williams he also 
mentions streptothrical forms in his culture. 
He concludes that not only is his culture 
identical with Kedrowski’s, but also that it is 
the cause of human leprosy, basing his argu- 
ment upon specific reactions obtained with 
human leper serum and also upon the pro- 
duction of characteristic lesions in laboratory 
animals, 

Clegg in 1909 announced his success in the 
cultivation of an acid-fast bacillus which he 
isolated from lesions in a large series of lepers 
in the Philippines. He found that multi- 
plication in each instance occurred in the 
transferred leprous tissue bits when planted 
with amcebe and their symbionts. He subse- 
quently obtained pure cultures of acid-fast 
organisms on the ordinary laboratory media 
as a moist, profuse, pigmented growth after 
heating at 60° C. for 30 minutes to kill out 
the symbionts. 

The author (1910) described a method by 
which the bacilli in the leprous lesion could 
be cultivated in vitro without the use of 
symbionts. The culture differed from Clegg’s 
in that it did not produce pigment and it re- 
fused to grow except upon special nutrients; 
however, cultures were subsequently isolated 
from a number of cases which in time became 
rapid growers and chromogenic. Other cul- 
tures similar to Clegg’s have been reported by 
Brinkerhoff and Currie in Honolulu, Rivas in 
Philadelphia, Thompson in Australia, Well- 
man in California and workers in Hawaii. 

The work of Rost, Williams, Kedrowski, 
Bayon and others, who have cultivated organ- 
isms other than acid-fast rods from leprous 
lesions, tends to show that the organism of 
leprosy is “an extremely pleomorphic strepto- 
thrix” which under certain circumstances 
may be: (1) A non-acid-fast streptothrix with 
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interlacing filaments, (2) a non-acid-fast 
diphtheroid bacillus, which is in reality 
streptothrix, and capable of becoming acid- 
fast under certain conditions, (3) a definite 
acid-fast filamentous streptothrix, or (4) an 
acid-fast bacillus which is the broken-down 
stage of a streptothrix. 

A review of the literature would seem to 
show that three or possibly four apparently 
different germs have been cultivated and de- 
scribed as the causal agent of human leprosy; 
namely, (1) a  non-acid-fast diphtheroid 
(Kedrowski), (2) an acid-fast chromogenic 
bacillus (Clegg), (3) non acid-fast and acid- 
fast interlacing and filamentous streptothrix 
(Rost & Williams), and (4) a bacillus which in 
vitro maintains the morphology and staining 
reaction of the Hansen bacillus of the tissues 
and grows under artificial conditions only in 
the presence of special nutrients (Duval). 

Acid-fast and non-acid-fast filamentous 
forms I have also encountered in certain of 
the cultures which become chromogenic and 
rapid growers, but branching non-acid-fast 
streptothrices I have never noted in the acid- 
fast culture which is non-chromogenic and 
refuses to multiply except upon special media. 

The marked variation in morphology and 
staining properties of the chromogenic cul- 
ture I have regarded as involution or degene- 
ration forms of the species. However, it is 
noteworthy that by plating out the chromo- 
genic culture, separate colonies of non-acid- 
fast streptothrices and non-acid-fast diphthe- 
roids are recovered, and these are converted 
into acid-fast rods by alterations in the reac- 
tion of the medium, etc. 

Since we may encounter in the leprous 
lesion a pleomorphie organism which is ca- 
pable of changing in vitro under defined con- 
ditions, it is easy to explain the bewildering 
number of “stages” for the supposedly culti- 
vated Hansen bacillus of some writers. 

Whether the various cultures reported as the 
Hansen bacillus represent the same or dis- 
tinct species, some one of which is the real 
exciter of leprosy and the others simply ex- 
traneous or accidental commensals, is a prob- 
lem yet unsolved; however, by a comparative 
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study of the lesions induced experimentally, 
the behavior of the cultures with respect to 
immune sera and by other well-known meth- 
ods it is hoped that the proper status of the 
various cultures will be established. 

In Louisiana I have attempted the cultiva- 
tion of the Hansen bacillus from 29 cases of 
leprosy and have succeeded in isolating an 
acid-fast bacillus from 22 of these cases. The 
chromogenic variety was recovered from i4 
eases while 8 yielded a non-chromogeniec acid- 
fast bacillus which thus far has refused to 
produce pigment or multiply on the ordinary 
laboratory media, and in one case a non-acid- 
fast diphtheroid was recovered. 

For many generations the sub-plants both 
of the chromogenic and of the non-pigment 
producing types have each remained well 
within the variations of a species and have in 
general maintained very closely the morphol- 
ogy of the Hansen bacillus as we know it in 
the tissues. 

In the 14 cases above mentioned the acid- 
fast culture recovered has eventually under- 
gone a marked change in morphological and 
cultural features after which it could be prop- 
agated upon the ordinary laboratory media. 
These cultures which become chromogenic 
correspond in all essentials to Clegg’s original 
isolation. 

In the 8 cases referred to, the non-chromo- 
genic culture, although behaving much as did 
the Clegg chromogenic bacillus for the first 
two or three months under artificial growth 
conditions, has refused to produce pigment or 
grow on ordinary media. 

Since the chromogenic culture behaved 
much in the same manner as the non-chromo- 
gen during the first three or four months of 
artificial cultivation, I have looked for a sim- 
ilar change to occur in this particular “ slow- 
growing” strain. It would seem that it will 
not become saprophytic as the period of para- 
sitism experienced with the cultures which 
subsequently became chromogenic and dis- 
tinctly vegetative has long passed. 

It is hard to explain the occurrence in the 
leprous lesion of the chromogenic acid-fast, 
which in my experience with cases here is en- 
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countered more frequently than the non- 
chromogenic variety. Curiously enough the 
chromogenic type, if we are to regard it as an 
extraneous organism, is always the same va- 
riety, that is, a moist rapidly growing diplo- 
coccoid bacillus when once it becomes accus- 
tomed to an artificial environment. I have 
compared the seven original cultures of Clegg, 
and those isolated independently by workers 
in Hawaii, Honolulu and London with the 
chromogenic cultures isolated here and find 
them identical except for minor inconstant 
differences. That the chromogen exists in the 
lesion of certain types of leprosy there can be 
no doubt, even where the overlying skin is ap- 
parently intact, and also in the internal or- 
gans at autopsy, more particularly the spleen. 
If these cultures are extraneous saprophytes 
it is hard to explain that they should occur in 
so large a percentage of cases. Of course it 
is well known how ubiquitous are the sapro- 
phytic acid-fast species, it being possible to 
isolate them from almost any source outside 
the animal body. Their occasional occur- 
rence, therefore, in the open skin lesion of 
leprosy is to be expected, but to find them so 
frequently is difficult to explain if we are to 
accept that they are in no way concerned in 
leprosy. 

The initial multiplication in vitro of both 
the acid-fast strains referred to is accom- 
plished with comparative ease, provided that 
the bits of leprous tissue transferred are 
treated in such a way that the protein moiety 
is split into its dissociate products. 

This action upon the protein of the removed 
leprous lesion may be accomplished in the fol- 
lowing ways: (1) By seeding the tissue trans- 
plants with some one of the putrefactive bac- 
teria or with any species capable of hydro- 
lyzing the tissues; (2) by saturating the re- 
moved tissue bits with a one-per-cent. trypsin- 
ized albumen solution; or (3) by transferring 
the leprous material directly to a medium 
containing the products of protein digestion. 

With any of these methods the acid-fast 
bacilli in bits of the removed lesion will multi- 
ply and continue to do so as long as these 
products are present. 
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To establish, if possible, an etiological réle 
for any one of the cultures obtained from the 
human leprous lesion to the exclusion of 
others, careful comparative studies of the ex- 
perimentally induced lesion and the serolog- 
ical tests have been carried out upon a large 
series of animals. 

In general it may be stated that macroscop- 
ically the lesions produced in the lower ani- 
mals do not differ greatly for any of the cul- 
tures employed, unless it be that the chromo- 
genic type produces lesions which appear 
earlier and are more localized. Microscop- 
ically the cell picture or relation of the ba- 
cilli to the cells is not sufficiently distinctive 
of any culture to warrant more than a tenta- 
tive differentiation. 

In other words the experimental lesions in 
animals afford no absolute differentiation for 
any strain of acid-fast organism except of 
course the tubercle family. Leprous-like 
lesions are as readily Mmduced experimentally 
with some of the well-known saprophytic 
species as they are induced with either the in- 
fested leprous tissues or with the lepra cul- 
ture. 

The serological tests with the blood of lepers 
has not established an etiological réle for any 
type of acid-fast organism recovered from the 
leprous lesion. The agglutination reaction 
with the lepers’ blood rarely gives a positive 
reaction in dilution of 1/50 with the sepa- 
rated Hansen bacilli obtained from the hu- 
man nodule, while in the majority of cases a 
reaction is not obtained above a dilution 
1/10. On the other hand, many of the tubercle 
family and the acid-fast saprophytes react 
equally as well and not infrequently in higher 
dilutions. The complement deviation tests 
with culture antigen utterly fail to show any- 
thing specific for the various cultures in so 
far as the human serum is concerned. How- 
ever, the serum reaction of animals immun- 
ized against the various acid-fast species has 
served to separate into three distinct groups 
the chromogenic culture of leprosy (Group I.), 
the author’s non-chromogenic culture of lep- 
rosy (Group IT.) and the chromogenic sapro- 
phytic acid-fast species (Group III.). The re- 
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action with specific immune sera establishes 
the fact that there is a difference between the 
non-chromogenic and the chromogenic leprosy 
cultures. Furthermore the serum reaction 
indicates no relation between these two strains 
and no relation of either to any known sapro- 
phytic species. 


SUMMARY AND CONCLUSIONS 


There may be cultivated from the leprous 
lesion two types of acid-fast bacilli which have 
distinct characteristics: one an organism 
which after it has become accustomed to a 
saprophytic existence produces pigment and 
becomes extremely pleomorphic; the other a 
bacillus growing slowly and only upon special 
media, and retaining always the tinctorial 
properties of the Hansen bacillus of the tis- 
sues. Non-acid-fast diphtheroids are occasion- 
ally encountered in the external lesions, but 
are perhaps accidental contaminators. 

The acid-fast strain, which subsequently 
becomes a rapid grower and develops pigment, 
shows a wide variation in morphology and 
ability to retain the stain when subjected to 
decolorizing agents. At times and under cer- 
tain conditions the individual bacilli are diph- 
theroid, streptothrical and non-acid-fast. The 
slow growing non-chromogenic culture is al- 
ways acid-fast and can be sharply differen- 
tiated from the chromogenic culture by its 
growth features. 

The animal experiments undertaken for the 
purpose of differentiating the acid-fast organ- 
isms recovered from the human leprous lesion 
and to fix their etiological status are not re- 
garded as conclusive. 

The serological tests, especially those per- 
formed with highly immune sera, have proven 
of some value and suggest that the bacillus of 
Clegg is not related to any known saprophytic 
acid-fast chromogen, and that the non-chromo- 
genic slow-growing culture from leprosy is 
different both from Clegg’s isolation and 
from all known species of acid-fast bacilli. 

The réle played by the chromogenic bacillus 
of Clegg in the production of leprosy is a8 
yet an unsettled question. 

The non-chromogenic strain, while behav- 
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ing according to most of our notions regard- 
ing a pathogenic organism, has likewise not 
up to the present been proven to be the cause 
of leprosy, although I am impressed with the 
probability of such a réle being eventually 
attributed to it, and consider that it deserves 
more serious attention than any strain so far 
cultivated from the human leprous lesion. 
The wide variation in morphology and 
staining reaction for the culture recovered 
from the human leprous lesion which subse- 
quently becomes a rapid grower and chromo- 
genic, might account for the interpretations 
of Kedrowski, Rost, Williams, Bayon and 
others that B. lepre is a bacterium of such 
pleomorphism that it can be recognized as a 
non-acid-fast diphtheroid, or streptothrix, and 
as an acid-fast bacillus. 
Cuartes W. 


THE LAGOMORPHS AN INDEPENDENT ORDER 


Tue order Rodentia, as at present under- 
stood, includes two great groups, or suborders, 
commonly called the Duplicidentata and the 
Simplicidentata. Marked distinctions be- 
tween these groups have long been recognized, 
yet they have been retained in a single order 
because of (1) a similar development of large 
scalpriform incisors and (2) certain similari- 
ties in the morphology of the brain and repro- 
ductive system which have been regarded as 
determining relationship. It has been argued* 
that these similarities the more surely denote 
relationship because of their deep-seated na- 
ture. When it is remembered, however, that 
in development of both brain and reproductive 
system the groups under discussion are very 
primitive, differing in these respects but 
slightly from the Inmsectivora, Chiroptera, 
Edentata and Marsupialia, these similarities 
lose much of their significance, and seem to 
be far outweighed by the many differences of 
other early acquired anatomical specializa- 
tions, especially of the skull and feet. These 
differences gain in importance when it is con- 
sidered that, whereas the Simplicidentata are 
an exceedingly diversified group, both in life 


* Gregory, Bull. Amer. Mus. Nat. Hist., Vol. 27, 
p. 325, 1910. 
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and food habits and consequent morphological 
modifications, while both groups have an 
almost world-wide distribution, yet there are 
no known connecting links or intermediate 
forms, either living or extinct, even though 
such forms as the jerboas among the true 
rodents have outstripped the Lagomorphs in 
specialization for the leaping mode of progres- 
sion. Paleontological evidence is admissibly 
very incomplete, yet so far as it goes it indi- 
cates clearly two important facts: first that 
both groups under discussion are of very an- 
cient origin, the known forms showing but 
slight modification from the early Oligocene 
up to the present day, and second that in both 
groups the scalpriform incisor teeth were very 
early acquired. The latter fact through early 
limiting their food habits to a certain degree 
may account in a large measure for the reten- 
tion in each group of similar primitive char- 
acters. In other and widely differing orders 
scalpriform incisors have been independently 
acquired, as in the toxodonts, the pyrotheres, 
the lemurs (Daubentonia, aye-aye), the al- 
lotheres (Polymastodon), the tillodonts and 
the hyracoids. Even among the artiodac- 
tyls a close approximation to this form of 
incisor has been reached, in the lower jaws, 
by such forms as the llama and the aberrant 
goat, Myotragus. This character, therefore, 
is not peculiar to the lagomorphs and rodents, 
and may very well have been quite indepen- 
dently acquired by these groups. Moreover, 
certain peculiarities in the structure and de- 
velopment of the incisors in the lagomorphs 
suggest the truth of this assumption. 

Since, therefore in our present state of 
knowledge there is apparently no good reason 
for continuing the association of these two 
great groups of mammals and since, owing to 
the great number of important differences 
between them, it is far more convenient for 
purposes of classification and comparison with 
other forms to consider them separately, there 
seems ample reason for placing the Duplici- 
dentata in an independent order. This new 
order may be called the Lagomorpha, adopting 
the old subordinal name given to this group 
by Brandt. 
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The order may be defined and distinguished 
from the Rodentia as follows: 


LAGOMORPHA 


Incisors, four above (functional), six in young 
individuals. 

Functional premolars, three above and two be- 
low. 


Dental formula I?, Pm§$, M$ or ? rarely 3. 


Palate broad, distance between upper tooth rows 
much greater than the lower. 

Upper cheek-teeth much wider than the lower. 

Surface of glenoid fossa divided into two parts, an 
anterior ridge and a posterior pocket, thus limit- 
ing the jaws to a lateral motion only in chewing. 

Cheek-tooth row in plane with ascending ramus of 
lower jaw. 

Ceeum with spiral fold. 

Elbow joint modified, not permitting of rotary 
motion of the forearm. 

Fibula fused with tibia, distally, and articulating 
with calcaneum. 


RODENTIA 


Incisors, two above, never more than two in young 
individuals. 

Functional premolars never more than one above 
and one below. 


0 3 2 
—T M 


Palate progressively narrow, distance between 
upper tooth rows less than the lower. 

Upper and lower cheek-teeth about equal in width. 

Surface of glenoid fossa broad and continuous, 
permitting both anteroposterior and lateral mo- 
tion of the jaws in chewing. 

Cheek-tooth row lying inside plane of ascending 
ramus of lower jaw. 

Cecum without spiral fold. 

Elbow joint primitive, permitting free rotary mo- 
tion of the forearm. 

Fibula fused or free, distally, but never articu- 
lating with the caleaneum. 


Dental formula I+, Pm 


Other differences than those given above 
might be added to the list, but these, if prop- 
erly weighed, seem to suffice. True, some of 
the characters here given seem trivial, as, for 
instance, the difference in numbers of the 
upper incisor teeth. In some groups of mam- 
mals this character is not regarded as of more 
than specific value, but in the groups under 
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discussion, in the light of other important 
modifications, it denotes a fundamental differ- 
ence in the mechanical construction of the 
dentary system, and thus assumes a far greater 
importance. 

As understood by the writer, both the Lago- 
morphs and the Rodents represent very an- 
cient orders, whose origin dates so far back in 
time, and about which so little is known owing 
to the lack of fossil remains, that their real re- 
lationships to other placentals and to each other 
are at present very uncertain. However, from 
present evidence the former seem not to 
stand any closer to the Rodentia than to some 
other of the great groups of the mammalia. 
In this connection it is interesting to note 
some apparently early acquired characters in 
which the Lagomorphs have paralleled the 
higher ungulates.” The more important of 
these are: (1) modifications of the dental sys- 
tem, such as (a) broad palate with distance 
between the upper tooth rows much greater 
than the lower (ruminant), (b) upper molari- 
form teeth wider than the lower, (c) manner 
of chewing on one side at a time with a lateral 
motion of the jaws; (2) modifications of the 
limbs and feet, (a) radius lying anteriorly 
to the ulna proximally, with articular face 
extending the full width of the humerus, ()) 
humerus with well-developed intertrochlear 
ridge, (c) fibula articulating strongly with the 
anterior face of the caleaneum (artiodacty)) ; 
(3) dorso-lumbar vertebre 19 (artiodactyl, 
rodent). 

These characters, while perhaps in no way 
denoting relationship to the higher ungulates, 
nevertheless indicate an advance in general 
development beyond the Rodentia which mark 
the later as the more primitive order. The 
existing differences in the brain and reproduc- 
tive organs seem also to favor this conclusion. 

The present article is intended simply to 
present the principal grounds for establishing 
a new order for the Lagomorphs, without at- 
tempting a full discussion of the subject. 

JaMeEs W. GIDLEY 

*Some of these characters were pointed out by 
Cope in 1883, Report U. 8. Geological Survey, 
on Terr., F. V. Haden, Vol. III., p. 813. 
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NOTE ON THE DINOSAUR-TURTLE ANALOGY 

In my paper, “ Notes on the Armored Dino- 
sauria,”? I first gave general form to the idea 
that there is a distinct structural parallel be- 
tween the armor of turtles and Dinosaurs, but 
that while in the former fixity and regularity 
of pattern were early developed, in the latter 
bizarre patterns were assumed. The main 
thought was also mentioned in a brief earlier 
paper of March, 1909, in the same Journal. 

But this view can be made much clearer 
now. Both Hay and later Von Huene’ agree 
in pointing out that the so-called parietal ex- 
tensions of Triceratops are in reality projec- 
tions formed by the fusion of elements which 
should be called dermo-parietals. I go further 
and state that this is not only correct, but 
that in all probability there are two additional 
lateral dermal elements fused with the squa- 
mosals, hypothetically the dermo-squamosals ; 
and the hypothesist is clearly at liberty to go 
on and say that the horns as well may include 
equivalent dermo-cornutal elements. Now 
any such dermo-cornutal region may, and 
both the dermo-parietal and dermo-squamosal 
region must belong to the same deep dermo- 
gene layer in the Ceratopside that in Pola- 
canthus and all the Nodosauride gives rise to 
what I descriptively call the lumbar-hip-cara- 
pace which clearly results from the fusion of 
dermo-iliae plates. For in all these instances, 
whether in the skull region of the Ceratopsids, 
or the post-dorsal region of Polacanthus, we 
see the bones of this primary deep dermal 
layer undergoing direct fusion with the endo- 
skeleton, just as in the dorsum of the turtles. 
Moreover, just as I proved in the case of the 
early turtles like Archelon and Tozxochelys 
Bauri, the bones of this deep layer bear or are 
ridden by those of an outer superficial layer. 
The demonstration of this superficial layer 
and its run in keels of course explained the 
origin of the osteodermal carapace of Dermo- 
chelys. 

Homologously the outer osteodermal layer is 
represented in the Ceratopsids by the epoc- 
cipitals, as Marsh called them, which ride the 

* American Journal of Science, February, 1911. 

*Neues Jahrbuch, Jahrg. 1911, p. 146, 1912. 
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dermo-parietal and dermo-squamosal region 
and by the similar usually keeled series of 
various Dinosaurs. Only in Stegosaurus is it 
difficult to state whether the two huge rows of 
dorsal spines belong to the outer, or to the 
nether dermogene armor-producing layer; 
while it is not absurd to suggest that the dor- 
sal plates could possibly result from the fusion 
of elements of both layers. Though we 
should not lose sight of the alternative expla- 
nation that the skull plates of Ankylosaurus, 
the horns and frill of Triceratops, the dor- 
sal plates of Stegosaurus and the dermo- 
iliac elements of Polacanthus, Nodosaurus 
and Stegopelta may all be homologous ele- 
ments of a dominant midline armor arising ~ 
from the deep dermogene layer and thus in 
part analogous to the pleuralia of turtles. 

Similarly, going much further afield, it is 
entirely possible that in the origin of the ex- 
traordinary supra-occipital crest of Pterano- 
don brought to light in the course of the ad- 
mirable studies of Eaton, some strictly dermal 
element has played a part. And, indeed, re- 
sponsive or counter growth of the endoskele- 
ton finally resulting in fusion with dermo- 
gene elements and the complete obliteration 
of sutural lines, is of common observation in 
the Vertebrata, being essentially a_ senile 
course of development, which has to do with 
the aging of races quite as much as the pro- 
duction of purely protective features. The 
studies of Beecher on the origin of spines have 
interest in this connection. 

Going back to the first premise: As noted, 
in strong contrast to crocodile-like reptilian 
types with an outer dermogene bone-producing 
layer only, the turtles originally had promi- 
nently developed, both the outer and nether 
dermogene layers. But they early tended to 
strengthen and use the under layer only along 
very conservative lines, and in their history 
never developed cranial armature, save in the 
comparatively recent and altogether aberrant 
Meiolania. On the contrary, as fusion of the 
dermogene with the chondrogene elements of 
the carapace and plastron went on, the armor- 
less head became more or less retractile; 
while the carapace and plastron, though of 
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virtually senile origin, have plainly been the 
primary factor in giving to the Testudinata 
an exceedingly long lease of life. 

Appositely, in the Dinosauria, a far more 
active and aggressive race, strong develop- 
ment of both body and cranial armature, in 
both the upper and the nether dermogene lay- 
ers, largely confines itself to the bizarre pat- 
terns of Cretaceous times. Thus, it is plainly 
the under layer which gives rise to the huge 
plate roofing the entire skull in the remark- 
able genus Ankylosaurus of Brown. In the 
Ceratopsids, as stated, the outer dermogene 
layer forms the epoccipital fringe of the under 
stratum, which is not, as at first supposed, an 
excrescent skull growth, but deep dermal bone 
in reality strictly homologous to the hip arma- 
ture of Polacanthus. Considered separately, 
we can reach but indefinite surmises as to the 
mode of origin or the meaning of these armor 
features. But clearly, when taken in their 
complementary relation, unity is restored to 
the armored series, and the simple structure 
generalization which clears up its true nature 
is at once discerned. 

In a word, then, the Dinosaurs, instead of 
eventually confining extensive dermal develop- 
ment to a single nether layer covering the 
body region only, as in the turtles, tended to 
develop both the nether and outer layers in the 
body or skull or both. And this is only 
another but definite way of saying that the 
dermal armature was variously developed in 
the Dinosauria, or that it tended to assume 
bizarre patterns, whether we consider the final 
results as devices for offense or defense, or a 
primary or secondary use of dermal ossifica- 
tions of essentially senile nature or origin. 
In either case, in strong contrast to the con- 
servative armor development seen in the 
turtles, this growth of the most formidable 
armature known in land animals must have 
resulted in a most delicately balanced envir- 
onmental adjustment in the entire race of 
armored Dinosaurs. 

Obviously, too, this conception of the Dino- 
saurian armor as arising from the two dermo- 
gene bone-forming layers is still further 
simplified on observing the constant tendency 
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of the separate plates or elements to develop 
nodes of growth which could arise anywhere 
on their surfaces or borders, in series form- 
ing the most ornate patterns. The plate, or 
flat dermal element, thus lifts itself up by the 
simplest process into the great frill of Tri- 
ceratops, the tremendous erect flat plates of 
Stegosaurus, or the huge caudal spines of the 
latter animal or of Nodosaurus or those of 
Hierosaurus. Furthermore, the development 
of the supracranial horn-cores in Triceratops 
can, whatever their origin, offer no difficulty 
to the parallel between Dinosaurian and Tes- 
tudinate armature here drawn, since these 
features are at least morphologically repeated 
in Meiolania. In both these cases, too, the 
horns may be viewed as exceptional struc- 
tures quite apart from the dermal growth and 
modifications characteristic of turtles, and 
now known to have been present in an im- 
mensely varied and cosmopolitan series of 
Dinosaurians. The summation we therefore 
fairly reach is that the growth impulse in the 
dermogene layers which forms the pre- or 
dermo-dentary diagnostic of the Predentata, 
culminates in the rostral, dermocornutal and 
frill investiture of the Ceratopsids; while the 
dorsal armor of the Stegosaurs, and the 
cranio-dorsal armature of the Nodosaurids 
are all structurally homologous—it being in 
most cases plain to which of the two dermo- 
gene bone-producing layers any given element 
belongs, just as in the Testudinata. 

In closing, I may be allowed to assert that 
this exceedingly simple explanation of the 
Dinosaurian armor at once gives us a clearer 
conception of the relationships of the various 
Dinosaur groups, and invites renewed study 
for the purpose of determining what endo- 
skeletal variations resulted secondarily to the 
development of the dermal armor. It encour- 
ages us to believe, moreover, that the day can 
not be far distant when some of the proximate 
causes of armor development may be dis- 
cerned, now that we see that armored Dino- 
saurs are by no means so strangely or funda- 
mentally different from other Dinosaurs °F 
even from other reptiles, as was once sup- 
posed. G. R. WIELAND 
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